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ABSTRACT
Breaded f r i e d  chicken was p repared  acco rd ing  to  s p e c i f ic  commercial 
procedures to  s tu d y  th e  e f f e c t  o f v a r ia b le  amounts o f b u tte rm ilk  s o l id s  
in  th e  b a t t e r  form ula on th e  c o lo r  o f th e  f i n a l  p ro d u c ts . The procedure 
in c lu d es  p recooking o f ch icken  p a r ts  by b o i l in g  in  w a ter f o r  15 minf 
fo llow ed by d ra in in g  and c o o lin g  to  40°F, and b a t te r in g  w ith  form ula 
c o n s is t in g  o f f l o u r  and b u tte rm ilk  powder up to  20%. The so lid -w a te r  
r a t i o  was 1 :1 .5*  A f te r  b read in g  w ith  c rack e r crumbs th e  breaded chicken 
p a r ts  were b lanched in  soybean o i l  a t  395°F f o r  20 s e c . The products 
were then  se a le d  in  p o lye thy lene  bags and fro z e n  s to re d  a t  -4 °F  f o r  
30 days. The p roducts were d e e p -fa t  f r i e d  i n  soybean o i l  a t  360°F f o r  
6 min.
A ccording to  senso ry  e v a lu a tio n  of c o lo r  i t  was concluded th a t  th e  
20% b u tte rm ilk  trea tm e n t produced th e  same in te n s i ty  o f browning in  
bo th  th e  dark  ( th ig h )  and w hite  (b re a s t)  p ie c e s , which was h ig h ly  s ig ­
n i f ic a n t  (p  <  Q.01) th an  th e  c o n tro l .  Although th e  20% le v e l  gave un­
d e s ira b le  dark  c o lo r ,  th e  f i n a l  p ro d u c ts  showed h ig h e r  y ie ld ,  h ig h e r  
m oistu re  c o n te n t, and a  h ig h e r  percen tage  of c ru s t  th a n  th e  c o n tro l .  In  
a d d it io n , th e  b u tte rm ilk  s o l id s  im parted  a  c h a r a c te r i s t i c  'b u t t e r y ' 
f la v o r  which i s  a  d e s ira b le  o rg an o le p tic  q u a l i ty  f o r  th e  breaded f r i e d  
ch icken .
However, th e  u n d e s ira b le  dark  c o lo r  fo rm ation  by th e  nonenzymatic 
browning re a c tio n s  was s u c c e s s fu lly  in h ib i te d  by th e  use o f s u l f i t e  in  
th e  form o f sodium m e ta b is u lf i te  up to  2500 ppm i n i t i a l l y  in  th e  20% 
b u tte rm ilk  b a t t e r  m ix tu re . Thus, by in c o rp o ra tin g  s u l f i t e ,  th e  p roduction
ix
o f breaded f r i e d  chicken w ith  accep tab le  c o lo r  to g e th e r  w ith  th e  above- 
m entioned q u a l i ty  a t t r ib u t e s  was made p o s s ib le .
The r e s u l t s  le a d  to  th e  conclu sion  th a t  th e  M a illa rd  r e a c t io n , 
caxam eliza tion , su g a r a c id  r e a c t io n ,  and re a c t io n s  in v o lv in g  l ip i d s  and 
phospho lip ids had p a r t ic ip a te d  in  th a t  o rd e r  to  some e x te n t producing  
browning in te rm e d ia te s  ( f u r f u r a l s  and o th e r  re a c t iv e  compounds) in  th e  
s k in - b a t te r  complex of th e  breaded f r i e d  chicken p ie c e s  u n t i l  th e  tim e 
f o r  f i n a l  f ry in g . During th e  f r y in g  p ro cess  th e  e f f e c t  o f h igh  tempera­
tu r e  on th e  r e a c ta n ts  and in te rm e d ia te s , became most im p o rtan t. Caramel- 
iz a t io n  was b e liev e d  to  be most p re v a le n t d u rin g  th e  d e e p -fa t f ry in g  
p ro cess ; and i t  accen tu a ted  th e  e f f e c t s  o f th e  o th e r  th re e  ty p es o f non- 
enzym atic browning r e a c t io n s , p a r t i c u l a r ly  th e  M a illa rd  r e a c t io n ,  con­
t r ib u t in g  to  th e  f i n a l  dark  c o lo r  o f th e  b u t te rm ilk -b a t te re d  and breaded 
f r i e d  ch icken .
In  th e  model food system s th e  r e l a t i v e  r a t e  o f red u c in g  su g a r re a o -
t i n g  w ith  ca se in  was g a la c to s e ^  gLucose> la c to s e .  The r a t e  o f su g ar lo s s
was f a s t e r  w ith g a la c to se , fo llow ed  c lo s e ly  by gLucose, and much slow er
by la c to s e .  The same o rd e r o f r e a c t i v i t y  was in d ic a te d  by th e  tem pera tu re ,
m oistu re  c o n te n t, and w ater a c t i v i t y  tre a tm e n ts . G en era lly , th e  M ailla rd
browning r a t e  was in c re a se d  by th e  in c re a s e  in  tem p era tu re , m oisture
c o n te n t, and w ater a c t i v i t y  up to  a  c e r ta in  l e v e l .  G alac tose  and g lucose
in d ic a te d  f a s t e r  browning r a t e s  between aw 0.62  -  0 . 84 , w hile  la c to s e
between a  0.62  -  0 . 73* w
X
INTRODUCTION
Precooked, r e a d y - to -e a t ,  breaded f r i e d  chicken a s  a  convenience 
food i s  very  p o p u lar in  th e  U nited S ta te s ,  and s a le s  have' in c re ased  
trem endously in  th e  p a s t tw enty  y e a rs . I t  i s  a  growing in d u s try  in  
many developed c o u n tr ie s , such a s  Japan , and a ls o  in  c e r ta in  developing  
c o u n tr ie s  in  Sou theast A sia l ik e  M alaysia .
There a re  many methods o f p re p a rin g  t h i s  type o f chicken product 
depending on th e  choice o f th e  p ro c e sso r . E s s e n t ia l ly ,  th e  p rocess 
in v o lv es precooking of ch icken p a r ts  ( b r e a s t ,  th ig h , d rum stick , and 
w ing), b a t te r in g  and b read in g , and d e e p -fa t  f ry in g  u n t i l  done. A m odifi­
c a tio n  of th e  p rocess would in c lu d e  a  b lan ch in g  procedure ju s t  a f t e r  th e  
b a t te r in g  and b read ing  s te p .  B lanching  th e  breaded chicken p a r ts  in  
d e e p -fa t a t  595°]? f o r  20 s e c ,  f o r  example, would s t a b i l i z e  th e  c o a tin g  
around th e  chicken p iec es  and promotes easy  han d lin g  of th e  p ro d u c ts , so 
th a t  th ey  can be f ro z e n  s to re d  f o r  more th a n  a  month, du rin g  which tim e 
th e  p roducts can be t ra n s p o r te d  and d is t r ib u te d  to  v a rio u s  e a t in g  e s tab ­
lishm en ts and chain  food s to r e s .  B efore consum ption, th e  p roducts a re  to  
be d e e p -fa t f r i e d  u n t i l  done.
M ixtures f o r  b a t te r in g  o r  b read in g  may be p repared  from in d iv id u a l 
components o r  th e y  may be purchased ready-m ixed. B a tte r  fo rm u la tio n  
in c lu d es  s ta rc h e s  a n d /o r  f l o u r  w ith  o th e r  o p tio n a l in g re d ie n ts  l ik e  egg 
s o l id s ,  com  m eal, p r e s e rv a tiv e s ,  seaso n in g s , and m ilk s o l id s .
Recent in n o v a tio n  in  th e  f r i e d  ch icken  in d u s try  i s  th e  fo rm u la tio n  
of a  sp e c ia l  b a t te r -b re a d e r  m ix ture  which, among o th e r  th in g s , co n ta in s
1
2
hydrogenated co tto n seed  o i l  a n d /o r  hydrogenated soybean o i l ,  and soybean 
l e c i t h in  ( f o r  uniform  d isp e rs io n  of o i l s )  such th a t  th e  breaded chicken 
p iec es  can be ' f r i e d '  in  th e  oven a t  400 -  425°F f o r  50 -  60 min u s in g  
only 2 - 4  tab lesp o o n s of cooking o i l  p e r  2& pounds o f ch icken p ie c e s , 
in s te a d  of d e e p -fa t f ry in g .  The f i n i s h  product i s  th u s  e a s i ly  prepared  
and i t  i s  comparable in  o rg a n o le p tic  q u a l i ty  a s  in  th e  d e e p -fa t f r i e d  
ch icken . M ain ta in ing  th e  u n ifo rm ity  o f d e s ira b le  q u a l i ty  a t t r ib u t e s  in  
th e  f i n i s h  p ro d u c ts  i s  a  very  im portan t f a c to r  f o r  a  food p ro ce sso r to  
su rv iv e  in  th e  f r e e  e n te rp r is e  b u s in e s s .
T his in v e s t ig a t io n  was undertaken  to  improve th e  q u a l i ty  a t t r ib u t e  
o f c o lo r  in  th e  breaded f r i e d  chicken  c o n ta in in g  up to  20% b u tte rm ilk  
s o l id s  in  i t s  b a t t e r  fo rm u la tio n . The b u tte rm ilk  powder was inc luded  to  
im part a  d e s ira b le  c h a r a c te r i s t i c  f la v o r  in  th e  f i n i s h  p ro d u c ts . The 
u t i l i z a t i o n  of up to  20% c u ltu re d  b u tte rm ilk  s o l id s  has been re p o rte d  
by a  commercial food p ro cesso r in  Arkansas to  r e s u l t  in  excessive  brown­
in g  d u rin g  d e e p -fa t f ry in g  of breaded f r i e d  ch icken .
The c o lo r ,  t e x tu r e ,  toughness, f a t  and m o is tu re , and genera l appear­
ance o f th e  cooked p ro d u c ts , among o th e r  th in g s ,  cam be in flu en ced  by 
b a t t e r  in g re d ie n ts ,  so lid -w a te r  r a t i o  o f th e  b a t t e r ,  c o a tin g  p rocedure , 
and cooking method. These in f lu e n c in g  f a c to r s  were predeterm ined and 
c o n tro lle d  i n  th e  p re se n t in v e s t ig a t io n .
The b read in g  com positions determ ine th e  c o lo r  shade of th e  f i n a l  
p ro d u c ts ; th e  tem pera tu re  and tim e of f r y in g  a re  prime f a c to r s  on th e  
cooking q u a l i ty  o f f r i e d  p roducts because th e y  a f f e c t  th e  w eight lo s s ,  
f a t  a b so rp tio n , c o lo r  shade and hue , and a ls o  th e  c r isp n e ss  o f th e  f i n i s h  
p ro d u c t. C racker meal im parted a b r ig h t  golden brown c o lo r  and d e s ira b le  
o rg an o le p tic  q u a l i t i e s  to  f r i e d  food p ro d u cts  (Rao and Novak, 1975)*
B utte rm ilk  poeder co n ta in s  40% la c to s e ,  a  red u c in g  su g a r, which 
p lay s a  m ajor ro le  in  nonenzymatic browning r e a c t io n s .  L actose may break 
down to  g lucose and g a la c to se  d u rin g  th e  cold  s to ra g e  p e rio d  and esp ec i­
a l l y  du rin g  a  h igh  tem peratu re  p ro ce ss in g  such a s  d e e p -fa t f ry in g .  These 
sim ple sugars undergo th e  M ailla rd  re a c t io n  more ra p id ly  th an  th e  d isa c ­
ch arid e  i t s e l f .
The chicken meat in c lu d in g  th e  sk in  and th e  b read in g  m a te r ia ls  
c o n ta in  p ro te in s  (amino a c id s ) ,  l i p i d s  and p h o sp h o lip id s , and carbohy­
d ra te s  which p a r t i c ip a te  in  th e  nonenzymatic browning r e a c t io n s .  The 
u t i l i z a t i o n  o f th e se  components were s tu d ie d  in  e f f o r t  to  e lu c id a te  
th e  e x te n t of each type  o f nonenzymatic browning re a c t io n s  in  c o n tr i­
b u tin g  to  th e  f i n a l  dark  c o lo r  o f th e  breaded f r i e d  ch icken .
T h ere fo re , t h i s  in v e s tig a t io n  was perform ed to  ach ieve  th e  
fo llo w in g  o b je c tiv e s :
1 . To study  th e  e f f e c t  o f b u tte rm ilk  s o l id s  up to  20% in  th e  b a t t e r  
form ula on th e  c o lo r  and f la v o r  of th e  breaded f r i e d  ch icken .
2 . To conduct a  senso ry  e v a lu a tio n  of th e  c o lo r  o f th e  f i n i s h  p roducts 
f o r  an average consum er's p re fe re n c e .
3 . To study  th e  in te r a c t io n  of la c to s e  and i t s  d eg rad a tio n  p roducts
in  th e  b read in g  m a te r ia ls  w ith  p r o te in ,  c a rb o h y d ra te , and l i p i d s  in  
chicken sk in  and meat le a d in g  to  nonenzym atic browning r e a c t io n s .
4 .  To determ ine th e  e f f e c t iv e  le v e l  o f a  chem ical in h ib i to r  ( s u l f i t e )  
f o r  th e  p rev en tio n  o f nonenzymatic browning re a c t io n s  in  th e  p ro d u c ts .
5 . To study  th e  nonenzym atic browning r a te s  between red u c in g  sugars and 
amino a c id s  in  aqueous so lu tio n s  and w ith  c a se in  i n  model food system s.
REVIEW OP LITERATURE
Nonenzymatic browning re a c t io n s  may in c lu d e  th e  M a illa rd  r e a c t io n v 
c a ra m e liz a tio n , sugar a c id  r e a c t io n ,  and o x id a tio n . The M aillard  
re a c t io n  i s  th e  re a c tio n  o f carbonyl compounds w ith  amino compounds 
r e s u l t in g  in  pigment fo rm ation  such a s  i n  m ilk  and m ilk  p ro d u c ts f f i s h ,  
m eat, egg, and baked p roducts  (Lee, 1975)* C aram eliza tion  i s  th e  
re a c t io n  o f carbonyl compounds o r  more a c c u ra te ly  th e  nonamino browning 
of sugars  such a s  in  h ea ted  sugar and baked p ro d u c ts  (G reen sh ie ld s ,
1972, and Lee, 1979)* ®he sugar a c id  r e a c t io n  i s  th e  r e a c t io n  o f sugars 
w ith  o rgan ic  a c id s  in  food system  such a s  f r u i t  ju ic e s  (R eynolds, 1979)* 
The o x id a tio n  r e a c t io n  in v o lv es th e  polyphenol o r  po lycarbonyl compound 
d e r iv a tiv e s  of u n sa tu ra te d  f a t t y  a c id s ,  such a s  in  f i s h  o i l s  and f a t s  
(Koch, 1962).
The M a illa rd  r e a c t io n  occurs more commonly i n  n a tu ra l  food system s. 
T his re a c t io n  was f i r s t  re p o rte d  by M a illa rd  in  1912 a s  th e  re a c t io n  o f 
amino a c id s  and p ro te in s  on su g a rs . Hodge (1999) c a l le d  t h i s  re a c t io n  
th e  carbonyl-am ine r e a c t io n  due to  th e  f a c t  t h a t  compounds re a c t in g  w ith  
amine o r  amino groups u s u a lly  have a  carbonyl o r  a  p o te n t ia l  carbonyl 
group. Thus we can d e fin e  th e  M a illa rd  r e a c t io n  a s  th e  aminocarbonyl 
r e a c t io n  in c lu d in g  th e  r e a c tio n s  o f a ldehydes, k e to n e s , and reduc ing  
su g ars  w ith  p e p tid e s , p ro te in s ,  and amino a c id s .
Lee (1979*) o u tlin e d  th e  s ta g e s  in  th e  M a illa rd  r e a c t io n  le a d in g  
to  foxm ation of brown pigm ents known a s  m elano id in s, which i s  rep re se n te d  
in  th e  Hodge scheme i n  F igu re  1 (Hodge, 1999)*
1) I n i t i a l  s ta g e  ( c o lo r le s s ,  w ith  no a b so rp tio n  in  o r  n e a r  th e  u l t r a ­
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F ig u re  1 . The Hodge scheme (Hodge, 1953)
A. Sugar*-amine condensation
B. Amadori rearrangem ent
2) In te rm ed ia te  s ta g e  (c o lo r le s s  o r  yellow , w ith  s tro n g  a b so rp tio n  in  o r
n e a r  th e  u l t r a - v io l e t  range)
C. Sugar dehyd ra tion
B. Sugar frag m en ta tio n
E. Amino a c id  d eg rad a tio n  (S tre c k e r  deg radation )
3) F in a l s ta g e  (h ig h ly  co lo red )
F . A ldol condensation  -  n i tro g e n -f re e  a ld o ls ,  i n  g e n e ra l, a re  l ik e ly  
to  r e a c t  w ith  amino compounds, a ld im in es, and k e tim in es t o  form 
n itro g en o u s m elano id in s.
G. Aldehyde-amine p o ly m eriza tio n  and fo rm ation  o f h e te ro c y c lic  
n itro g e n  compounds (m elan o id in s).
The M a illa rd  R eaction 
The m ajor f e a tu r e s  of th e  M a illa rd  re a c t io n  i s  re p re se n te d  in  
F ig u re s  2A and 2B. F ig u re  2A shows th e  i n i t i a l  condensation  o f g lucose 
w ith  g ly c in e  to  form glycosylam ine in  a  low m oistu re  system . The a ld o sy l 
d e r iv a tiv e  im m ediately undergoes an Amadori rearrangem ent t o  form k e to -  
seamine (MFG) c a ta ly se d  by th e  amino ac id  i t s e l f  (McWeeny e t  a l . ,  1974)* 
The MFGs a re  s ta b le  compounds but a re  more re a c t iv e  th a n  k e to se s  and w il l  
decompose under co ld  a lk a l in e  c o n d itio n s . F u r th e r  r e a c t io n  of k e to sea - 
mine w ith  g lucose , fo llow ed  by a  second Amadori rearrangem en t, r e s u l t s  in  
deketoseam ines (BFG).
F ig u re  2B shows th e  analogous products o f a  ketose-am ino a c id  
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F igu re  2B. P roducts o f f ru c to s e /g ly c in e  re a c t io n  and RFC decom position 
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F ig u re  2C. D egradation  o f ketoeeam ines by 1 ,2 -e n o l is a t io n  
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F ig u re  2D. D egradation of ketoseam ine by 2 , 5 -e n o lia a tio n  
(McWeeny e t  a l . ,  1974)
g lu co se .
Then, th e  am ino-sugars a re  degraded to  amino and nonamino- 
c o n ta in in g  compounds (F igu re  2Bb). At pH 5«5» th e  DFG decom position 
r a t e  i s  a t  a  maximum, y ie ld in g  fru c to g ly c in e  and o th e r  ca rb o n y lic  
compounds such a s  5-deoxyhexosuloses and th e  c ie -  and tran s -fo rm s of 
u n sa tu ra te d  h ex o su lo ses. These a re  r e a c t iv e  in te rm e d ia te s  which would 
undergo f u r th e r  r e a c t io n  to  form brown c o lo rs  a n d /o r o f f - f la v o r .
(McWeeny e t  a l . ,  1974)•
Sugar dehyd ra tion  in  th e  sugar-am ine browning re a c t io n  can ta k e  
p lac e  in  two ways, a ) In  n e u tra l  o r  a c id  s o lu t io n s , f u r f u r a l s  a re  formed; 
b) In  th e  dry  s t a t e  o r  in  non-aqueous so lv e n ts  when amines a re  p re s e n t , 
reduc tones a re  formed (Lee, 1975)*
The mechanism o f th e  decom position o f th e  ketoseam lnes has been 
p o s tu la te d  to  fo llo w  th e  1 ,2 - e n o l is a t io n  (F igu re  2C) and 2 ,3 -e n o l is a -  
t io n  (F igu re  2D). The 2 ,5 -e n o l is a t io n  i s  f a c i l i t a t e d  when th e  k e to se a -  
mines a re  d erived  from  an a ldose  and a  s tro n g ly  b a s ic  secondary amine in  
th e  p resence o f t e r t i a r y  amine. Thus, th e  2 ,3 -e n o lis a tio n  i s  l im ite d  
when th e  pH o f foods i s  low er and th e  b ases weaker; bu t a  low y ie ld  of 
i t s  d eg rad a tio n  p ro d u cts  may produce d i s t in c t iv e  f l a v o r s .  The 2 ,4 -  
d iu lo se  can undergo in tra m o le c u la r  condensation  w ith  oxygen h e te ro c y c le s  
(such  as pyrones and fu ra n s )  o r  condensation  w ith  amino compounds, to  
form n itro g e n  c o n ta in in g  h e te ro c y c le s  (such a s  p y ra z in e s ) . P y raz in es 
a re  im portan t f la v o r  components (McWeeny e t  a l . ,  1974)• Decom position 
o f d iketoseam ine to  th e  r e a c t iv e  in te rm e d ia te s  promotes a  f a s t e r  browning 
r e a c t io n  th an  a  ketoseam ine a lo n e .
F in a l ly ,  th e  brown pigm ents (o r  m elano id ins, th e  h ig h ly  c o lo re d ,
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f lu o re s c e n t m acrom olecular pigm ents) a re  formed by th e  condensation  of 
th e  c a rb o n y lic  in te rm e d ia te s  e i t h e r  w ith  each o th e r  o r  w ith  amino 
m o ie tie s .
In te rm ed ia te s  i n  th e  system  c o n ta in in g  a ld o ses  and amines a re  
shown in  F ig u re  3 (R eynolds, 19^5) • C olor can be g en era ted  though 
slow ly  in  th e  absence o f amino compounds, b u t when th e y  a re  p re s e n t ,  
th e y  1) f a c i l i t a t e  th e  p ro d u ctio n  o f h ig h ly  re a c t iv e  c a rb o n y lic  i n t e r ­
m ed ia tes , and 2) combine w ith  th e  in te rm e d ia te s  to  form m elanoid ins 
(McWeeny e t  a l . ,  1974)*
The 3-deoxyhexosulose i s  regarded  a s  an im portan t in te rm e d ia te  in  
th e  fo rm ation  o f brown pigm ents, and i t  can r e a c t  w ith  amino groups 
r a th e r  q u ick ly  and undergo f u r th e r  condensation  re a c t io n s  t o  form  brown 
pigm ents o f h ig h e r  m o lecu la r w eight (R eynolds, 1965)*
The e x te n t o f browning p ro g ress  depends on f a c to r s  l i k e  m o istu re  
c o n te n t, pH o f th e  system , tem pera tu re , and c o n c e n tra tio n s  o f th e  
r e a c t in g  s p e c ie s . These a re  v a r ia b le  f a c to r s  d u rin g  p ro c e ss in g , s to ra g e , 
and cooking o f fo o d s .
The nonenzym atic browning re a c t io n s  a re  considered  d e le te r io u s  as 
a  r e s u l t  o f th e  p ro d u c tio n  o f unwanted c o lo rs  and o f f - f la v o r s  from 
fo o d , o r  th rough  lo s s e s  in  s o lu b i l i t y  and n u t r i t i v e  v a lue  th rough  
re a c t io n s  o f th e  a lp h a  amino groups o f ly s in e  m o ie tie s  and th e  b in d in g  
o f f r e e  amino groups o f o th e r  e s s e n t ia l  amino a c id s  th u s  im p a irin g  th e  
B io lo g ic a l Value o f th e  p ro te in s  i n  food  (Rao and Rao, 1972). D esirab le  
a p p lic a t io n  o f th e  nonenzym atic browning re a c t io n s  i s  sought i n  c o n tro lle d  
p ro d u c tio n  o f c o lo r  and f la v o r s  d u rin g  to a s t in g ,  ro a s t in g ,  f r y in g ,  bak ing , 
and c a ra m e liz a tio n  p ro c e ss .
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C ation  o f  S c h i f f 's N -S u b stitu ted
base 1-am ino-1-deoxy-
2 -k e to se  (en o l)
HCOH
Fructoseam ino a c id  N -S u b stitu ted
(1-am ino-1-d eo x y -2 -k e to se) 1-am ino-1-deoxy-
2 -ke to se  (k e to )
F ig u re  4* Amadori rearrangem ent p roducts (E skin e t  a l* ,  1971)
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Amadori Rearrangement
The Amadori rearrangem ent i s  th e  iso m e riz a tio n  o f  th e  N -su b s titu te d  
g lu co sy lam ire , in v o lv in g  th e  t r a n s i t i o n  from an a ld o se  to  a  k e to se  su g ar 
d e r iv a tiv e  (E sk in  e t  a l . ,  1971)» which i s  1-am ino-1-deoxy-2-ketose 
(F ig u re  4 ) .  Glucose r e a c ts  w ith  g ly c in e  to  produce f ru c to g ly c in e  (Lee, 
1975); and F ru c to se  r e a c ts  w ith  g ly c in e  to  produce 2-am ino-2-deoxy- OC -  
D -glucopyranose th rough  th e  Heyns rearrangem ent which b r in g s  about th e  
same tra n s fo rm a tio n  a s  th e  Amadori rearrangem ent.
The main pathway f o r  th e  browning o f foods appeared  to  go through 
th e  Amadori rearrangem ent (d eg rad a tio n  and condensation  by way o f th e  
1 , 2 -eno l form s o f th e  a ld o se  and k e to se  amines (Lee, 1973)*
In te rm e d ia te s  in  Brown Figment Formation
F u r fu ra ls  have been suggested  a s  in te rm e d ia te s  in  th e  fo rm ation  o f 
brown p igm ents. A f u r f u r a l  l i k e  (5 -hydroxym ethyl)-2-furaldehyde may 
r e a c t  w ith  g ly c in e  to  produce brown c o lo rs . The a d d it io n  o f  f u r f u r a l  to  
a p r ic o t  c o n ce n tra te  in c re a se d  th e  r a t e  o f browning. Fyruvaldehyde and 
d ia c e ty l  ( in  d i s t i l l a t e s  o f sugar and amino a c id  s o lu t io n s )  and o th e r  
r e a c t iv e  3 and 4 carbon su g ar fragm ents have been suggested  a s  p o ss ib le  
in te rm e d ia te s . Such compounds would r e a c t  more ra p id ly  w ith  amines th a n  
th e  osuLoses o r  f u r f u r a l s ,  bu t th e re  i s  no ev idence th a t  th e y  a re  formed 
in  s ig n i f ic a n t  amount in  foods (R eynolds, 19&3)*
I t  seems l i k e l y  th a t  th e  pigment i s  formed from th e  re a c t io n  
between th e  amino compound and deoxy- and u n sa tu ra te d  osones in  re a c t io n s  
c o n ta in in g  an excess o f a ld o se  to  amine and b u ffe re d  a t  pH 6 . Even in  
m ix tu res b u ffe re d  a t  about pH 3 .5 , th e  osones could  be th e  main re a c ta n t  a .
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In  system s c o n ta in in g  an excess o f amino a c id  to  su gar r a t i o s  th e  formar- 
t io n  o f a  ketoseam ine can be assumed, b u t n o th in g  i s  known about any 
o th e r  in te rm e d ia te s . In ta c t  fu rane  r in g s  were n o t n e c e s s a r i ly  p re se n t 
in  th e  pigment (R eynolds, 19^3 and 1965)•
S tre c k e r  D egradation
I t  i s  th e  o x id a tiv e  d eg rad a tio n  o f oC-amino a c id s  by d icarbony l 
compounds ( oC -d ica rbony ls and o th e r  conjugated  d ica rbony l compounds) 
r e s u l t in g  in  th e  fo rm ation  o f aldehydes c o n ta in in g  one l e s s  carbon atom 
th an  th e  amino a c id , carbon d io x id e , carbonyl compounds, and amines 
(E skin  e t  a l . ,  19711 and Lee, 1975)*
E
I
R -  C =  0  NHp R - C - N H p
I R'  -  A -  HCOOH —► j  + R ' CH0 + C02 
— A *= 0R -  C = 0
d icarbony l o<-amino a c id s  carbonyl aldehyde carbon
compound compounds d iox ide
The d ica rbony l compounds (osones) can be produced from th e  decom­
p o s i t io n  o f k e to se  am ines. The amino group in  th e  S tre c k e r  d eg rad a tio n  
p ro d u cts  may f i n a l l y  appear a s  ammonia o r  i t  may be combined, depending 
on th e  n a tu re  o f th e  re a c t iv e  carbonyl compound.
The fo rm ation  o f a ldehydes from O C-amino a c id s  i s  u su a lly  a s so c ia te d  
w ith  h ig h -tem p era tu re  re a c t io n s  le a d in g  to  changes i n  food f l a v o r .
However, i t  can a ls o  be formed a t  low tem p era tu re .
The S tre c k e r  d eg rad a tio n  i s  a  secondary e f f e c t  o f th e  re a c t io n  
between a ld o ses  and am ines, p ro v id in g  f u r th e r  e s s e n t ia l  red u c in g  compounds 
f o r  nonenzymatic browning r e a c t io n s .
P yrazine compounds w ith  d i f f e r e n t  amounts o f s u b s t i tu t io n  had been
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re p o r te d  t o  be formed in  carbonyl-am ine re a c tio n s  (E sk in  e t  a l . ,  1971). 
These compounds can cause S tre c k e r deg rad a tio n  o f th e  amino a c id s .  A 
p y raz in e , 2 , 5 -d im ethy lpy razine , had been i s o la te d  from a  m ix ture  of 
g lucose w ith  g ly c in e :
R eactions o f Aldoses w ith  P ro te in s
The r a t e  o f r e a c t io n  o f d i f f e r e n t  a ld o ses  and a ld o se  d e r iv a tiv e s  
w ith  ca se in  v a r ie s  c o n s id e ra b ly . The r a te  o f f r e e  amino n itro g e n  lo s s  
was h ig h e s t w ith  xy lose  and a ra b in o se , much low er w ith  g lucose  and 
g a la c tu ro n ic  a c id , and low er s t i l l  w ith  l a c to s e y m a lto se , and g lucu ron ic  
a c id . The r a t e  o f development o f c o lo r  was h ig h  w ith  x y lo se , a ra b in o se , 
and g lu cu ro n ic  a c id , much low er w ith  g a la c tu ro n ic  a c id , and low er ag a in  
w ith  g lucose (R eynolds, 1965); n0 c o lo r  developed w ith  la c to s e  and 
m altose  a f t e r  20 days a t  37°C and 70% r e la t iv e  hum id ity , when th e  amino- 
aldehyde re a c t io n  had v i r t u a l l y  ceased (Lewis, 1950). These e f f e c t s  
were s im ila r  to  th o se  found w ith  sim ple amino a c id s  and a ld o ses  (R eynolds,
The r a t e  o f r e a c t io n  between g a la c to se  and c a se in  was s im ila r  to
th e  r a t e  f o r  g lucose  and c a se in . In  th e  r e a c t io n  between 2-deoxygalao-
to s e  and c a se in , th e  r a t e  o f lo s s  of f r e e  amino n itro g e n  was much low er,
bu t th e  r a t e  o f browning was much h ig h e r and th e re  was no i n i t i a l  la g
p e rio d  (Lea and Rhodes, 1952). A ccording to  Anet (1957) s in c e  2- 
deoxygalactose i s  an a ld o l ,  i t  ccu ld  be dehydrated  to  an u n sa tu ra te d
aldehyde th a t  could  r e a d i ly  e n te r  in to  browning r e a c t io n s .
1963).
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Jenness and P a tto n  (1959) re p o r te d  th a t  th e  i n i t i a l  r e a c t io n ,  a t  
l e a s t  in  th e  d ry  s t a t e ,  between g lucose  and c a se in  involved  a  1:1 
re a c t io n  o f th e  g lucose w ith  th e  €  -am ino group o f ly s in e .  In  addi­
t io n ,  o th e r  b a s ic  amino a c id s ,  a rg in in e  and h i s t id in e ,  nay be involved  
s e c o n d a rily .
Reynolds (1963, 1965, ^  1969) d isc u sse d  in  some d e ta i l  th e  su g ar- 
amine re a c t io n s  in  nonenzymic browning. The i s o la t io n ,  p u r i f ic a t io n ,  
and p ro p e r t ie s  o f pigmentB from p ro te in -c a rb o n y l system s were s tu d ie d  
by C lark and Tanneribaum (1970).
L actose and Casein in  Browning R eactions
C oncentrated  and d r ie d  forms o f m ilk , when s to re d  f o r  more th an  
30 days, g ra d u a lly  developed a  brown c o lo r .  C o u lte r e t  a l . ,  (1951) 
rep o rte d  t h a t  th e  browning p ro cess  was brought about by th e  re a c tio n  o f 
f r e e  amino groups o f m ilk  p ro te in s  w ith  th e  aldehyde group o f la c to s e .
The r e a c t io n  i s  a c c e le ra te d  by in c re a s e  in  tem p era tu re , pH v a lu e , and 
w ater con ten t o f th e  p ro te in  co n ta in in g  m a te r ia l ,  o r  i n  th e  r e l a t iv e  
hum idity  to  which a  s o l id  p ro te in  i s  exposed.
The la c to s e -c a s e in  re a c t io n  appeared to  be s im ila r  to  th o se  between 
c ase in  and form aldehyde, no t only i n  th a t  th e  prim ary re a c t io n  involved  
aldehyde and f r e e  amino groups, bu t a ls o  in  t h a t  th e re  i s  a  secondary 
r e a c t io n ,  which, i n  t h i s  in s ta n c e  produced c o lo r  and decreased  th e  d is ­
p e r s i b i l i t y  o f th e  p ro te in  (P a tto n , 1955)•
At f i r s t ,  ly s in e  i s  th e  amino a c id  p r in c ip a l ly  in v o lv ed , bu t l a t e r ,  
a rg in in e , h i s t id in e ,  m eth ion ine, and ty ro s in e  a re  a tta c k e d . With th e  
b in d in g  of f r e e  amino groups of th e se  e s s e n t ia l  amino a c id s ,  th e  B io lo­
g ic a l  Value of m ilk p ro te in  i s  im paired .
Glucoseamine re a c te d  w ith  c a se in  and re s u l te d  in  a  ra p id  lo s s  o f 
f r e e  amino groups; a  brown c o lo r  developed im m ediately. The f r e e  amino 
groups o f c a se in  were no t invo lved  (Lea and Rhodes, 1952), bu t th e  amino 
and a ld e h y lic  groups o f glucoseam ine were sim u ltaneously  d estro y ed . 
Glucoseamine re a c te d  ra p id ly  w ith  a c e ty la te d  c a se in , w ith  th e  lo s s  of 
f r e e  amino groups and th e  development o f c o lo r . A m ixture of N -a ce ty l-  
glucoseamine and c a se in  browned vexy slow ly , w ith  a  n e g lib le  lo s s  o f 
f r e e  amino n itro g e n  (10% a f t e r  100 days a t  37°C ). However, th e  s to re d  
p roduct gave th e  Morgan and E lson t e s t  f o r  N -acetylglucoseam ine w ithout 
th e  u sua l p re lim in a ry  trea tm e n t w ith  h o t 0.5N sodium carbonate  th a t  
causes iso m e riz a tio n  and condensation  to  an oxazole r in g  (Lea and Rhodes, 
1952).
Anet (1959) when d e sc r ib in g  th e  p re p a ra tio n  and s t ru c tu re  o f L - 
f ru c to s e g ly c in e , p o in ted  out t h a t  th e  fo rm ation  and decom position of 
d iketoseam ine provided a  mechanism f o r  th e  conversion  o f a ldose  to  more 
re a c t iv e  compounds, th u s  e x p la in in g  th e  c a ta ly t i c  ro le  o f amines in  
browning re a c t io n ;  McWeeny and B urton (19^3) proposed th e  same 
mechanism.
Browning r e a c t io n s  in  a  m ixture o f g lucose and g ly c in e  (8 :1 )  and 
c i t r a t e  b u ffe re d  a t  pH 6*3, would be expected to  fo llow  th e  course 
d esc rib ed  f o r  th e  m ix ture  o f d if ru c to se g ly c in e  and g ly c in e . In  th e  
m ixture b u ffe re d  a t  pH 3*6» th e  3-deoxyosulose accum ulate about 23 
tim es a s  f a s t  a s  hydroxym ethyfurfural (Reynolds, 1963) • The decomposi­
t io n  p roducts o f d if ru c to se g ly c in e  browned tw ice  a s  f a s t ,  w ith  g ly c in e , 
a s  d id  hyd roxym ethy lfu rfu ra l (A net, 1959)» su g g estin g  th a t  l e s s  th en  20% 
o f th e  pigment formed a t  pH 3*6 was d e riv ed  from hydroxym ethyfurfural.
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On th e  b a s is  o f amino n itro g e n  b in d in g  c a p a c ity , th e  r e l a t iv e  o rd e r 
o f r e a c t iv i ty  o f su g a rs  toward c a se in  i s  xy lose  ^  a rab inose  )  g lu c o s e ^  
m a l to s e ^  la c to s e  ^  f ru c to s e  (Lew is, 1950).
A c a ta ly t i c  decom position o f  l a c to s e ,  th rough  dehydra tion , f r a g ­
m en ta tion , and condensation  by th e  amino groups o f  ca se in  le a d s  to  th e  
fo rm ation  o f m elan o id in s, th e  brown pigm ent. M ilk serum p ro te in s  and th e  
phosphate s a l t s  may make minor c o n tr ib u tio n s  to  th e  browning o f m ilk 
system (jan n e ss  and P a tto n , 1959)*
The mechanism o f la c to s e  d eg rad a tio n  and i t s  by-products have been 
d iscu ssed  by Adachi (1959> 19^1)• F e r r e t t i  e t  a l . ,  (1970), and 'F e r r e t t i  
and F lanagan, (1971) d id  some work on th e  la c to s e -c a s e in  model system .
C aram eliza tion
C aram eliza tion  i s  th e  p ro cess  o f th e  h e a t decom position o f sugars 
a s  a fu n c tio n  of pH and b u f f e r s ,  i n  th e  absence o f amino compounds. I t  
r e q u ire s  a r e l a t i v e ly  h igh  o rd e r  o f a c t iv a t io n  energy.
On th e  o th e r  hand, th e  i n i t i a t i o n  o f th e  M a illa rd  (am ino-sugar) 
re a c tio n  re q u ire s  a  r e l a t i v e ly  low o rd e r  o f a c t iv a t io n  energy, in  th e  
range o f 21 to  42 k c a l (R eynolds, 19^5)» and e x h ib i ts  a u to c a ta ly t ic  
q u a l i t i e s  once i t  h as  s ta r te d  (Jenness and P a tto n , 1959)*
According to  Hodge (1955) $ th e  c a ra m e liz a tio n  in c lu d es  two ty p es 
of r e a c t io n s ,  1) d eh y d ra tio n  re a c t io n s  which produce f u r f u r a l  d e riv a ­
t i v e s ,  and 2) o x id a tio n -re d u c tio n  le a d in g  to  th e  fragm en ta tion  o f th e  
sugar m olecule w ith  th e  fo rm ation  o f reductones and o th e r  e n e d io ls .
When m ilk i s  h e a te d , la c to s e  i s  destroyed  and decomposes to  
v a rio u s  compounds such a s  f u r f u r a l ,  f u r f u r a l  a lc o h o l, hydroxymethyl 
f u r f u r a l ,  m a lto l,  a c e to l ,  methyl g ly o x a l, and aoetaldehyde. B ut, g a la c -
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to s e ,  no t g lu c o se , accum ulated (Jenness and P a tto n , 1959)* The f r a g ­
ments p robab ly  a ro se  from th e  g lucose p o r tio n  o f la c to s e  m olecu le .
Alpha la c to s e  caram elizes a t  160 -180°C and m elts  a t  202°C w ith 
m olecu lar decom position (Aurand and Woods, 1973)* Due to  th e  h igh  
energy req u irem en ts , th e  c a ra m e liz a tio n  u su a lly  occur a t  e le v a te d  tem­
p e ra tu re s .  However, th e  a c t iv a t io n  energy requ irem ents can be lowered 
by th e  p resence  o f c a ta ly s ts  such a s  a l k a l i s ,  ca rb o x y lic  a c id s  and t h e i r  
s a l t s ,  phosphate io n s ,  and m e ta l l ic  io n s  -  e s p e c ia l ly  Fe** and Cu++ 
(Hawthorn and L e itc h , 1962).
The caram el pigm ents co n ta in ed  ca rbony l, ca rboxy l, and e n o lic , 
to g e th e r  w ith  hydroxyl groups o f v a ry in g  b a s ic i ty ,  and p h en o lic  hydroxyl 
groups ( l e e ,  1973)* Jenness and P a tto n  (1939) rep o rte d  t h a t  th e  brown 
pigm ents, m elan o id in s, formed in  m ilk  system , appeared to  be h ig h ly  
complex and p robab ly  a  m ix ture  o f  polym ers. The pigm ents appeared to  be 
u n sa tu ra te d  and th e  p resence o f reduc tones (R-COH=COH-R) and carbonyls 
(R-CHO and R-CO-R) gave i t s  c a p a c ity  to  absorb l i g h t .
M elanoidins can be d e co lo riz ed  by bromine which i s  in d ic a t iv e  of 
th e  p resence o f u n sa tu ra te d  and red u c in g  groups i n  th e  complex. In  
s im p lif ie d  system , th e  brown pigment con ta ined  a  s ig n i f ic a n t  amount o f 
n itro g e n .
I t  shou ld  be no ted  a ls o  t h a t  compounds o th e r  th a n  su g a rs  th a t  form 
brown pigm ents when h ea ted  in  th e  absence o f amine groups in c lu d e  poly­
sa c c h a r id e s , po lyhydroxycarboxylic  a c id s ,  red u c to n es ,o c -d ica rb o n y l com­
pounds, and quinones (Hawthorn and L e itc h , 1962).
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Sugar Acid R eaction 
Seducing sugars  a re  degraded to  f u r f u r a l s  e i t h e r  by m ineral a c id s  
o r o rgan ic  a c id s .  P en toses y ie ld  2 -fu ra ldehyde  which i s  r e l a t i v e ly  
s ta b le .  Hexoses y ie ld  5-hydroxym ethyl-2-fu ra ld eh y d e  which can be 
degraded to  le v u l in ic  a c id  (CH3COCH2CH2COOH) (R eynolds, 1965) .
Acids and b ases  bo th  in c re a se  th e  browning o f su g ar s o lu t io n s ,  
w ith  a lk a l i s  b e in g  p a r t i c u la r ly  e f f e c t iv e  (Hawthorn and L e itc h , 1962). 
Acids g e n e ra lly  promote dehyd ra tion  r e a c t io n s ,  w ith  th e  p roduction  of 
f u r f u r a l  d e r iv a t iv e s ,  w hile a lk a l i s  induce iso m e riz a tio n  and fragmen­
ta t io n  of th e  su g ar m olecu les. A lk a lis  a c t  a s  c a ta ly s ts  i n  th e  cara­
m e liz a tio n  o f su g a rs , and a re  e v e n tu a lly  n e u tr a l iz e d  by some o f th e  
r e a c tio n  p ro d u c ts , r a th e r  th an  r e a c t in g  d i r e c t l y  w ith  th e  su g a rs .
The r a t e  o f browning of sugar s o lu t io n s  w ith  o rgan ic  a c id s  a re  in  
th e  o rd er o f f r u c t o s e ^  s u c r o s e ^  g a l a c t o s e ^  g lucose (Hawthorn and 
L e itc h , 1962).
The mechanism of th e  fo rm ation  o f f u r f u r a l s  from  sugars  has been 
d iscu ssed  in  d e ta i l  by Anet (1964) .
A scorbic Acid O xidation
The decom position o f a sc o rb ic  a c id , under a e ro b ic  o r  anaerob ic  
c o n d itio n s , le a d s  t o  th e  fo rm ation  o f brown p igm ents, and th e  p ro d u ctio n  
o f carbon d io x id e . A scorbic a c id  p lay s  an im portan t r o le  i n  th e  browning 
o f ju ic e s ,  f o r  example, lemon ju ic e  and orange ju ic e .  Eskin (1971) out­
l in e d  a  p o ss ib le  pathway f o r  th e  decom position o f a sc o rb ic  a c id  to  fu r ­




L-A scorbic a c id D ehydroaacorbic a c id
CO, ] *
Carbon d iox ide F u rfu ra l 2 , 5-D iketogulonic  
a c id
F ig u re  5» Decomposition of a sc o rb ic  a o id  to  f u r f u r a l  
(E sk in  e t  a l . ,  1971)
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R eactions Inv o lv in g  L ip id s  and Phospho lip ids
R eactions Inv o lv in g  L ip id s
O xidative deg radation  o f p o ly u n sa tu ra ted  f a t t y  a c id s  in  l ip i d s  
r e a d i ly  p rov ides carbonyl g roups. These reduc ing  groups can p a r t ic ip a te  
in  nonenzym atic browning through carbony 1-amino re a c t io n s .  Compounds 
l ik e  a ldehydes, p e ro x id es , ketohydroxy and epoxy compounds d u rin g  th e  
course  o f f a t t y  a c id  o x id a tio n , a re  capab le  o f r e a c t in g  w ith  th e  amino 
groups o f amino a c id s  o r p ro te in s .  M alonaldehyde, one o f th e  main 
p ro d u cts  o f f a t t y  a c id s  a u to o x id a tio n , i s  capab le  o f re a c t in g  w ith  
v a rio u s  food c o n s t i tu e n ts  in c lu d in g  amino a c id s  and p ro te in  through  th e  
M ailla rd  re a c t io n  le a d in g  to  darken ing  and reduced n u t r i t io n a l  va lue  of 
p ro te in s  (Labuza, 1971)*
Labuza (1971) a ls o  in d ic a te d  th a t  b e s id e s  th e  p roduction  o f objec­
t io n a b le  odors and f la v o r s ,  th e  f r e e  r a d ic a ls  and perox ides produced by 
l i p i d  o x id a tio n  through  a  f r e e  r a d ic a l  mechanism can r e a c t  w ith  pigments 
b leach in g  them . They can a ls o  re a c t  w ith  p ro te in  causing  thoughenings 
and reducing  d i g e s t i b i l i t y ,  th ey  can d e s tro y  v ita m in s , and th ey  can lead  
to  th e  p ro d u c tio n  o f  p o ss ib ly  to x ic  m a te r ia l .
Cooked chicken  m eat, on th e  average , con ta ined  4*3% f a t  and 28.9% 
p ro te in  (Mountney, 1966). The in tra m u scu la r  f a t  o f p o u ltry  meat con­
ta in e d  17*6% l in o l e i c  and l in o le n ic  a c id s  which a re  u n sa tu ra te d  f a t t y  
a c id s .  The sk in  con ta ined  about 40% t o t a l  l i p i d ,  o f which 52% was hexane 
e x tr a c ta b le .  T o ta l carbony ls comprised 50u m ole/lO g o f th e  hexane ex- 
t r a c ta b le  l i p i d  (Thomas e t  a l . ,  *1971)•
Kawasaki e t  a l . ,  (1972) s tu d ie d  some e f f e c t s  o f r a d ia t io n  on th e  
am ino-carbonyl r e a c t io n .  R ad ia tion  e f f e c t s  in  p o u ltry  meat has been 
rep o rte d  by U rbain and Gidding (1971 )•  Davidkova and Khan (1967) s tu d ied
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th e  changes i n  l i p i d  com position o f  chicken muscle d u rin g  fro zen  s to ra g e .
According to  P ip p e r e t  a l . ,  ( i9 6 0 ) , about 60^ o f th e  carbonyl 
compounds remained in  th e  b ro th  o f ch icken  meat which was heated  in  
b o i l in g  w a te r. The 2 ,4 -d in itro p h en y lh y d razo n es o f th e  v o l a t i l e  carbonyls 
c o lle c te d  in  th e  steam  d i s t i l l a t e  over fo u r  h o u rs , were f r a c t io n a te d  and 
id e n t i f ie d  to  be ace ta ld eh y d e , n -h ex an a l, n -d e c a -2 ,4 -d ie n a l , and d ia c e ty l  
a n d /o r a c e to in . S ix teen  o th e r  c a rb o n y ls , in c lu d in g  n -a lk a n a ls , 2- 
a lk e n a ls , and 2 -alkanones were t e n t a t i v e ly  i d e n t i f i e d .  These compounds 
do no t have f la v o r  c h a r a c te r i s t i c s  l ik e  th a t  of cooked ch icken . The 
v o la t i l e  components o f cooked ch icken  th a t  have been id e n t i f i e d  in c lu d e  
ammonia, hydrogen s u l f id e ,  and mono- and d i -  c a rb o n y ls .
Thomas e t  a l . ,  (1971) re p o r te d  t h a t  th e  f a t t y  a c id s  in  th e  la r g e r  
amounts in  a l l  b r o i l e r  t i s s u e s  were p a lm itic ,  s t e a r i c ,  o le ic ,  and l in o -  
l e i c ,  depending on age and r a t i o n .  L ip id s  from cooked t i s s u e s  conta ined  
a  la r g e r  amount o f 18-carbon u n sa tu ra te d  f a t t y  a c id s  th an  th e  o th e r  f a t t y  
a c id s  combined.
Braddock (1972) in v e s tig a te d  chicken muscle s to re d  a t  -  10°C, and 
re p o rte d  th a t  d u rin g  s to ra g e  th e re  was a  decrease  i n  phosphatidy l e th a -  
nolam ine and p h o sp h a tid y lch o lin e , and in c re a s e  o f ly so p h o sp h a tid y l- 
ch o lin e  and f r e e  f a t t y  a c id s .  T his suggested  th a t  s in c e  l i p i d  h y d ro ly s is  
occurred  th roughout f ro z e n  s to ra g e , l i p i d  h y d ro ly s is  and p ro te in  may be 
in te rd ep en d en t phenomena. H ydro lysis  o f th e  phospho lip id s i s  c a ta ly s t  
by phospho lipases i n  th e  m uscle th u s  r e le a s in g  f r e e  f a t t y  a c id s .  The 
f r e e  f a t t y  a c id s  could th e n  cause d e n a tu ra tio n  o f p ro te in s  in  th e  f l e s h .  
Wladyka and Dawson (E sk in  e t  a l . ,  1971) dem onstrated p ro te o y ls is  in  
p o u ltry  c a rc a ss  h e ld  a t-18°C  f o r  up to  90 days. I t  was concluded th a t
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ca th ep s in s  may be involved*
P hospholip ids and l ip o p ro te in s  can r e a c t , th rough t h e i r  amino 
groups, w ith  a ldehydes and red u c in g  su g a rs ; under o x id iz in g  co n d itio n s 
re a c t iv e  carbonyl groups formed in  th e  l i p i d  m oiety can i n i t i a t e  
browning re a c t io n s .  D e te r io ra tio n  in v o lv in g  phospho lip ids and l ip o ­
p ro te in s  have been review ed by Lea (1957)• L ip id  o x id a tio n  in  a  food may 
be a c c e le ra te d  i f  th e  w ater c o n te n t i s  reduced to  a  le v e l  th a t  in h ib i t s  
am ine-aldehyde r e a c t io n s .
Amino compounds promote th e  browning of ox id ized  l i p i d s ,  bu t i t  i s  
n o t c e r ta in  w hether th e y  a re  in c o rp o ra te d  in  th e  brown pigm ents formed 
in  n a tu ra l  system s.
Marion and Woodroof ( 1965) re p o rte d  t h a t  b re a s t  muscle l ip id s  of 
chicken b r o i l e r ,  were h ig h e s t  i n  p ro p o rtio n s  o f phospho lip ids to  n e u tra l  
l i p i d s ,  fo llow ed  by th ig h  m uscle and sk in  t i s s u e  l i p i d s .  GLC a n a ly s is  
showed th a t  p h o sp h o lip id s co n ta in ed  h ig h e r  l e v e ls  o f 18-C s a tu ra te d  and 
20-24-C u n sa tu ra te d  f a t t y  a c id s  th a n  t r ig ly c e r id e s  which contained  
h ig h e r  le v e ls  o f 18-C mono and d i -  u n sa tu ra te d  f a t t y  a c id s  th an  phos­
p h o lip id s . !Fhe f a t t y  a c id  com position  of s im ila r  l i p i d  f r a c t io n s  d id  
no t vary  a p p re c ia b ly  w ith  t i s s u e  lo c a tio n ;  on ly  th e  p ro p o rtio n  o r  le v e l  
of l i p i d  f r a c t io n  v a r ie d  i n  d i f f e r e n t  t i s s u e s .
Pokoray e t  a l . ,  ( 1973) observed th a t  d u rin g  h e a t in g  o f m ix tures of 
methyl e s te r s  o f p o ly u n sa tu ra te d  f i s h  o i l  f a t t y  a c id s  and egg albumin 
under co n d itio n s  s im u la tin g  r o a s t in g  and f ry in g  o f f i s h ,  th e  peroxides 
p re sen t in  th e  l i p i d  f r a c t io n s  were ra p id ly  decomposed and formed both  
lip o s o lu b le  and in so lu b le  brown pigm ents w ith  f r e e  amino groups of 
album in. Small amounts o f l i p i d s  in  th e  m ix ture  have a  g re a t e f f e c t  on
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th e  development o f co lor*  The re a c t io n  i s  very  ra p id  a t  te m p e ra tu re s^  
100°C and th e  brown pigm ents a re  n o t decomposed by prolonged heating*
Pokoray e t  a l . ,  (1973) s tu d ie d  th e  NEB produced by ox id ized  poly­
u n sa tu ra te d  l ip i d s  on s to ra g e  w ith  p ro te in  i n  th e  presence o f water* He 
no ted  th a t  in  model system s th e  recovery  o f e x tra c ta b le  l i p i d s  was low er 
from th e  m ixture c o n ta in in g  th e  more ox id ized  l i p i d s ,  whereas th e  degree 
o f browning was independent o f th e  perox ide  v a lu e . Prolonged s to ra g e  
in c re ased  th e  in te n s i ty  o f browning* Changes appeared to  be s im ila r  a t  
4° and 60°C, bu t proceeded more ra p id ly  a t  60°C.
R eactions in v o lv in g  p h o sp h o lip id s
According to  K atz (1966) th e  r a t i o  between n e u tra l  l i p i d  to  phos­
p h o lip id s  i s  approx im ate ly  79 * 21 in  muscle l i p i d s ,  and 98 : 2 in  sk in  
l ip i d s  o f chicken*
P hospho lip ids were more im portan t i n  l i p i d  d e te r io r a t io n  based on 
th e  h ig h e r  lo s s e s  o f f a t t y  a c id s  d u rin g  cooking and d u rin g  fro ze n  
s to ra g e  (Lee and Lawson, 1973)* The h ig h  p ro p o rtio n s  o f phosphatidy l­
cho line  and phosphatidy lethano lam ine  i s  a  c h a r a c te r i s t i c  o f  chicken 
muscle f a t  (85*2% to g e th e r  w ith  sphingom yelin ).
The lo s s  of p h o sp h o lip id s  may be due to  bo th  th e  chem ical d e te r io ­
r a t io n  and p h y sic a l re n d e r in g  o f f a t s  from muscle du ring  cooking. The 
chem ical d e te r io r a t io n  o f  p h o sp h o lip id s may be c h a ra c te r iz e d  a s  a u to x i-  
d a tio n , h y d ro ly tic  decom position , l i p i d  browning r e a c t io n s , and l i p i d -  
p ro te in  copo lym erization  r e a c t io n s  (Lee and Lawson, 1976)* H ydro lysis 
a ls o  occurred  in  m uscle p h o sp h o lip id s  d u rin g  cooking in  re -u sed  com  o i l .
P hosphatidy lethanolam ine has been r e la te d  t o  l i p i d  browning d e te ­
r io r a t io n ;  i t s  d ecrease  may have been a  consequence of involvem ent in
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th e  dark  c o lo r  In  cooked chicken found a f t e r  s to ra g e . I t  appeared th a t  
th e  mechanisms f o r  d e s tru c tio n  o f phospho lip ids i n  cooked chicken muscle 
du ring  fro z e n  s to ra g e  a re  somewhat d i f f e r e n t  from th o se  of uncooked 
chicken . Chemical re a c t io n s  which occur in  chicken cooked i n  f r e s h  corn 
o i l  may vary  w ith  d i f f e r e n t  t i s s u e s  and o i l  tre a tm e n t. Chemical changes 
and p h y sic a l re n d e r in g  o f l i p i d s  from  chicken muscle and s k in  occurred  
du rin g  cooking and d u rin g  fro zen  s to ra g e . The use of reh ea ted  cooking 
o i l  accen tu a ted  th e s e  changes, th u s  th e  chicken cooked in  re-vised com  
o i l  was l e s s  s ta b le  d u rin g  s to ra g e  th an  th a t  cooked in  f r e s h  com  o i l  
(Lee and Lawson, 1976).
F a c to rs  A ffe c tin g  Nonenzymatic Browning R eactions
1) pH and B u ffe rs ;
The carbonyl-am ino re a c t io n s  can occur in  both  a c id ic  and a lk a l in e  
media; a lthough  th e  re a c t io n  i s  fav o red  under th e  more a lk a lin e  c o n d itio n s . 
There i s  an in c re a s e  in  re a c t io n  r a t e  w ith  r i s e  in  pH (E skin e t  a l . ,
1971 )• Occurrence o f s tro n g -b ase  c a ta ly s i s  in  th e  range o f pH 6 .5  to  
8 . 5 , and so lv e n t o r  weak-base c a ta ly s is  in  th e  range o f pH 5 to  5* The 
r a te  o f ketoseam ine fo rm ation  in c re a se s  w ith in c re a s in g  pH and su b je c t to  
ac id -b ase  c a t a ly s i s .
Phosphate, c i t r a t e ,  a n d /o r  a c e ta te  b u ffe r  s a l t s  in flu e n ce d  th e  
io n ic  environm ent and th u s  a c c e le ra te d  th e  sugar-am ino re a c t io n  r a t e .  
Saunders and J e r v i s  ( 1966) rep o rte d  t h a t  th e  b u ffe r in g  c a p a c ity  r o le  of 
sodium phosphate and sodium c i t r a t e  b u ffe re d  th e  a c id ic  p roducts formed 
du ring  nonenzym atic browning re a c t io n  th e re b y  m ain ta in ing  an a lk a lin e  
environment fa v o r in g  th e  r e a c t io n .
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2) Tem perature;
There i s  an in c re a se d  r a te  o f re a c t io n  w ith  an in c re a se  i n  tempe­
ra tu re  . A ccording to  E skin  e t  a l . ,  (1971), th e r e  i s  a  l in e a r  r e la t io n ­
sh ip  between th e  r a t e  o f re a c t io n  and tem pera tu re  w ith in  th e  range of 
0 -  90°C, conform ing to  th e  A rrhenius eq u a tio n : k  «= a  . e~ ̂  o r
In  k » In  a  -A E /R T , where k  = th e  eq u ilib riu m  c o n s ta n t, and i s  equal to  
th e  r a t i o  o f th e  forw ard  and re v e rse  r e a c t io n  r a t e  c o n s ta n ts , a  «= th e  
frequency f a c to r ,  which has th e  u n i ts  o f s p e c i f ic  re a c tio n  r a t e ,  u su a lly  
based upon th e  u n i ts  o f c o n c e n tra tio n , and i s  th u s  dependent on th e  o rd e r 
of th e  r e a c t io n ,  E = th e  energy o f a c t iv a t io n  i n  k c a l /g  m ole, R -  gas 
c o n s ta n t, and T «= a b so lu te  tem pera tu re  i n  °K. Reynolds ( 1963) rep o rte d  
th a t  th e  a c t iv a t io n  energy  f o r  M a illa rd  re a c t io n s  i s  in  th e  range of 
21 -  42 k c a l .
Io n iz in g  r a d ia t io n s  a ls o  promote th e  M a illa rd  re a c tio n s  (Hawthorn 
and L e itc h , 19&2).
3) M oisture co n ten t and w ater a c t iv i ty ;
Nonenzymatic browning re a c t io n  proceeds r e a d i ly  in  aqueous so lu ­
t io n s .  A ccording t o  Lea and Hannan (1950), th e  maximum re a c t io n  r a te  
between c a se in  and g lucose  occurred  a t  13% m o istu re  c o n te n t, where th e  
r e a c ta n ts  were s t i l l  i n  com paratively  d ry  s t a t e .  Thus th e  optimum 
m oisture con ten t fa v o r in g  th e  nonenzym atic browning re a c tio n  i s  a t  f a i r l y  
low p e rcen t (E sk in  e t  a l . ,  1971). At h ig h  m o istu re  con ten t th e  decrea­
s in g  r a t e  o f browning re a c t io n  i s  due to  th e  d i lu t io n  e f f e c t  on th e  re ­
a c tin g  sub stan ces and th e  in h ib i to ry  e f f e c t  to  w ater due p r in c ip a l ly  to  
th e  law of mass a c t io n  (E ich n er, 1973). Water i s  formed d u rin g  browning, 
up to  3*3 mole o f w a te r p e r  mole of su g a r , and i t  causes a  slow ing o f th e  
condensation  s ta g e s  i n  th e  re a c t io n  complex (E ichner and K a re l, 1972).
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The term  "Water a c t i v i t y , "  , has been coined to  express th e  
degree o f a v a i l a b i l i t y  o f w ater in  foods (S c o tt ,  1957). I t  was de fin ed  
as th e  r a t i o  o f p a r t i a l  p re ssu re  o f w ater in  th e  food to  th e  vapor 
p re ssu re  o f w ater a t  th e  g iven  tem p era tu re :
a  = P ** % ERH ,
p0 100
where aw = w ater a c t i v i t y ,  p = vapor p re s su re  o f w ater in  food system , 
pQ « vapor p ressu re  o f pure w a te r , and %ERH = eq u ilib riu m  r e la t iv e  
hum id ity , th a t  i s  th e  r e l a t i v e  hum id ity  a t  which food  n e i th e r  ga ins no r 
lo s e s  m oistu re  to  th e  atm osphere. A 1-m olal s o lu t io n  o f a  p e rfe c t  
s o lu te  in  w ater would reduce th e  vapor p re ssu re  o f th e  s o lu tio n  1.77% 
over th a t  o f pure w a te r, o r  th e  vapor p re ssu re  o f th e  s o lu t io n  would be 
98.25?o o f th a t  o f pure  w a te r, o f th e  aw would be 0.9025 (N ickerson and 
S inskey, 1972; Labuza, 1975)*
At h ig h e r  w a te r a c t i v i t y ,  th e  browning r e a c t io n  r a t e  decrease  has 
been a t t r ib u te d  to  d i lu t io n  o f  th e  r e a c t in g  su b s ta n c es . The decreased  
re a c t io n  r a t e  a t  low w ater a c t i v i t y ,  when th e  amount o f m obile w ater i s  
g re a t ly  reduced, has been a sc r ib e d  to  an in c re a s in g  d if fu s io n  re s is ta n c e  
which low ers th e  m o b ili ty  o f th e  r e a c ta n ts  (Labuza, 1975).
4) Sugar and amino a c id ;
Reducing su g a rs  p rov ide  th e  carbonyl groups f o r  th e  in te r a c t io n  w ith 
th e  f r e e  OC-amino groups o f  amino acidB . The co n ce n tra tio n  o f each re ­
a c ta n t  In flu en c es  th e  r a t e  o f th e  browning r e a c t io n .  At h ig h e r  concen­
t r a t i o n s ,  more prim ary r e a c ta n ts  a re  a v a i la b le  f o r  th e  browning re a c t io n , 
and th u s  in c re ased  th e  r a t e  o f  pigment fo rm atio n .
The r a t e  o f browning v a r ie s  w ith  d i f f e r e n t  sugars and d i f f e r e n t  
amino a c id s .  The r e a c t i v i t y  o f sugars i n  model system s has been rep o rte d  
t o  be x y lo s e ^  a rab in o se  >  g a la c to se  >  mannose ^  g lucose ^  la c to s e
>  m altose* P en to ses re a c t  more ra p id ly  th an  hexoses to  produce k e to -  
seamine and brown pigm ents (R eynolds, "1963 and Hawthorn and L e itc h ,
1962) .
In  th e  r e a c t io n  o f g lucose w ith  amino a c id s ,  th e  maximum browning 
e f f e c t  was th e  re a c t io n  w ith  ly s in e ,  fo llow ed  by try p to p h an , and a rg i­
nine* The minimum browning r a t e  was shown by g lu tam ic a c id  o r  p ro lin e*  
L actose re a c te d  most r e a d i ly  w ith  try p to p h an  (Hawthorn and L e itc h , 1962) .
MATERIALS AND METHODS
M a te ria ls  f o r  P re p a rin g  Breaded F r ie d  Chicken
F lo u r -  a l l  purpose en riched  wheat f l o u r ,  b leached and p r e s i f te d  -  
purchased from  a  lo c a l  food s to r e .
C racker Crumbs -  purchased from a  lo c a l  food s to r e .
B u tte rm ilk  Powder -  ob ta ined  from th e  Modem Main Pood P ro d u c ts .,  I n c . ,  
New York.
Chicken -  ch icken f o r  th e  purpose o f t h i s  in v e s t ig a t io n  were purchased 
from a  lo c a l  food s to r e .
P re p a ra tio n  and P ro c ess in g  o f Breaded F rie d  Chicken 
Whole ch icken  were purchased from a  lo c a l  food s to r e  and brought 
to  th e  Food Science Department where th e  b ird s  were cu t in to  fo u r  p a r t s ,  
namely; b r e a s t s ,  th ig h s ,  d ru m stick s, and w ings. E xcessive f a t  was 
trimmed from th e  p a r t s ,  p a r t i c u la r ly  from th e  th ig h  p ie c e s . The cu t 
p ie c e s  were c leaned  and packed in  po lyethy lene  bags and s to re d  in  th e  
cold  room a t  -20°C (-4 °F ) u n t i l  ready  f o r  u se .
P recook ing . P r io r  t o  p recook ing , each bag of chicken p a r t s  was 
thawed in  a  38°C w a te r b a th . The cooking methods c o n s is te d  of precooking  
in  b o i l in g  w a te r f o r  15 m in. Then th e  cooked p iec es  were d ra in ed  f o r  
10 min and cooled  to  4«4°C (40°F) b e fo re  b e in g  dredged in  b a t t e r  
p re p a ra tio n .
P recooking  and co o lin g  o f ch icken  p a r ts  p r io r  to  b a t t e r in g  promoted 
b e t t e r  adhension  o f b a t t e r  and b read in g  m a te r ia l .  The amount o f c o a tin g  
m a te r ia l  o r  c ru s t  i s  l im ite d  to  l e s s  th an  30?o of th e  f i n i s h  p roducts
(U nited S ta te s  Department o f A g r ic u ltu re , P o u ltry  D iv is io n ,
P o u ltry  I n s p e c to r 's  Handbook, 1964) .  I t  a ls o  has been rep o rte d  th a t  
b read in g  in c re a se d  f a t  a b so rp tio n  when cooked by methods where f a t  was 
used (Baker e t  a l . ,  1972)
P recooking  of ch icken  p a r t s  can be achieved by steam ing , sim m ering, 
b o i l in g  in  w a te r, o r  microwave cooking. A ccording to  Baker e t  a l . ,  (1972), 
t h a t  sim mering a t  82°C produced b e t t e r  p roducts th an  by steam ing o r 
b o i l in g  m ethods.
B a tte r  Form ulation
In  o rd e r  to  stu d y  th e  e f f e c t  o f b u tte rm ilk  s o l id s  in  producing  un­
d e s ira b le  dark  c o lo r  in  breaded f r i e d  ch icken , v a r ia b le  amount o f th e  
b u tte rm ilk  powder was added in  th e  b a t t e r  form ula (up to  20% on d ry  
weight b a s i s ) .  A s im p lif ie d  b a t t e r  form ula was used to  minimize o th e r  
f a c to r s  which could in f lu e n c e  th e  c o lo r  o f th e  f i n a l  p ro d u c ts .
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Table I .  B a tte r  Form ulation
in g re d ie n t
1 P ercen t Composition
A (C o n tro l) B C D E
F lo u r 100 95 90 85 80
B u tte rm ilk  powder 0 5 10 15 20
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S o lid s  to  m o istu re  r a t i o  o f 1 :1 .3
The above i s  a  p a r t i a l  l i s t  o f fo rm u la tio n  in g re d ie n ts  used in  
in d u s try . I t  must be emphasized th a t  i t  i s  alm ost im possib le  to  
determ ine th e  exac t p ro p o rtio n s  of th e  in g re d ie n ts  used in  th e  commercial
fo rm u la tio n s  because each p ro cesso r u ses  a  d i f f e r e n t  com bination and 
amount o f in g re d ie n ts .  O ther in g re d ie n ts  would in c lu d e  whole m ilk , egg 
w h ite , s a l t ,  papper, a n tio x id a n ts , monosodium g lu tam ate , and o th e r  f l a ­
v o rin g s .
The b a t t e r  in g re d ie n ts ,  s o l id - v a te r  r a t i o  o f th e  b a t t e r ,  c o a tin g  
p ro ced u res , a n d / o r  cooking methods were found to  in f lu e n c e  th e  c o lo r , 
t e x tu r e ,  toughness, f a t  and m o is tu re , and g en era l appearance of th e  
cooked chicken p a r t s  (Hanson and F le tc h e r ,  1963)*
The b a t t e r  in g re d ie n ts  were mixed w ith  w ater in  a  m ixing bowl, 
m a in ta in in g  th e  s o l id s  to  m oistu re  r a t i o  o f 1 : 1.5» The m ixture was 
s t i r r e d  very  tho rough ly  to  produce a  b a t t e r  w ith  an even co n sis ten c y .
B a tte r in g  and B reading .  The chicken  p a r t s  which have been p re­
cooked and cooled to  40?o were dredged in  th e  re s p e c tiv e  b a t t e r  p repara­
t io n  acco rd ing  to  t h e i r  b a tc h e s . A fte r  one m inute i n  th e  b a t t e r  th e  
p ie c e s  were d ra in ed  f o r  one m inute and th en  r o l le d  over a  b read in g  
m a te r ia l  c o n s is t in g  o f c ra ck e r crumbs in  a  t r a y .  The p a r ts  were shaken 
l i g h t l y  by hand to  remove excess b rea d in g  m a te r ia l .  A f te r  w eighing, th e  
breaded chicken  p a r t s  were p laced  in  a  c o n ta in e r  l in e d  w ith  aluminum f o i l  
and ta k e n  to  th e  k itc h e n  a t  th e  LSU u n io n . Ample sp ac in g  was provided 
between each p a r t  i n  every  b a tch  so th a t  th e y  d id  no t s t i c k  to  each 
o th e r .  Great c a re  was observed d u rin g  h an d lin g  and t r a n s p o r ta t io n  o f th e  
b readed chicken p a r t s .
The b read in g  p ro cess  promoted easy  h an d lin g  o f th e  p roducts because 
i t  reduced th e  tendency  o f th e  p a r ts  to  s t i c k  to g e th e r .
B lanching  and Frozen S to rage . The breaded p a r ts  were blanched in  
d e e p -fa t  (soybean o i l )  a t  395°F (201.6°C) f o r  20 seconds. This s te p  
helped  to  s t a b i l i z e  th e  c ru s t  around th e  p ro d u c ts . They were cooled
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to  room tem peratu re  and p laced  in  p lo ye thy lene  'bags acco rd in g  to  p a r ts  
and tre a tm e n ts . Each bag was se a le d  and p ro p e rly  la b e l le d  b e fo re  be ing  
t r a n s fe r r e d  in to  th e  co ld  room m ain tained  a t  -20°C f o r  a  p e rio d  o f 30 
days o r  more.
Deep-Fat F ry in g . A fte r  th e  30-day p e rio d  o f fro ze n  s to ra g e , th e  
p roducts were brought back to  th e  k itc h e n  and d e e p -fa t f r i e d  in  soybean 
o i l  a t  360°F (182.2°C) f o r  6 m inu tes. The breaded f r i e d  chicken  were 
d rained  f o r  13 m inutes and cooled to  room tem pera tu re  b e fo re  b e in g  
su b jec ted  to  c o lo r  sco re  by 10 ju d g es .
O ther methods o f p ro ce ss in g  by o th e r  workers have in c lu d ed  p re­
soak ing  in  up to  3% phosphate (a  food grade m ixture o f sodium t r ip o ly ­
phosphate, te traso d iu m  pyrophosphate, and sodium a c id  pyrophosphate) f o r  
16 h o u rs . M arination  in  1 -  3% o f phosphate and s a l t  was re p o rte d  to  
improve f la v o r  and y ie ld ,  reduced sh e a r  v a lu e s , and in c re a se d  t o t a l  mois-! 
tu r e  (B aker, e t  a l . ,  1972).
F u rth e r  in fo rm a tio n  r e l a t i v e  to  producing  f r i e d  p o u ltry  p roducts 
can be ob ta ined  from th e  U.S. Department o f A g ric u ltu re , P o u ltry  D ivi­
s io n , P o u ltry  In s p e c to r 's  Handbook ( 1964) •
S e le c tio n  o f Wrapping M a te ria l
Wrapping m a te r ia l and packaging served  to  p ro te c t  th e  p roduct 
a g a in s t p h y s ic a l damage due to  h a n d lin g , and to  p e rse rv e  th e  product 
in  good co n d itio n  d u rin g  s to ra g e  when exposed to  a i r  c i r c u la t io n ,  l i g h t ,  
and o f f -o d o rs .
P o lyethy lene  bags meet th e se  req u irem en ts . T h ere fo re , th e y  were 
used to  wrap th e  samples which were s to re d  fro z e n  in  a  fo rc e d  a i r  c irc u ­
l a t i o n  co ld  room. B eside b e in g  more econom ical th an  p ap er, th e  t r a n s ­
p a ren t bag f a c i l i t a t e d  i d e n t i f i c a t io n  o f i t s  c o n te n t.
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Storage a t  Frozen Temperature
Precooked chicken p a r ts  which have been b a t te r e d ,  b readed , and 
blanched were se a le d  in  po lyethy lene  bags and s to re d  in  a  fo rced  a i r  
c i r c u la t io n  ty p e  co ld  room a t  -20°C f o r  30 days o r  more. The fro ze n  
s to ra g e  p e rio d  d u p lic a te d  th e  co n d itio n s  s im ila r  t o  th o se  o f th e  commer­
cia lly^- produced p ro d u c ts . T h ere fo re , th e  keep ing  s t a b i l i t y  o f th e  
breaded chicken  p a r t s ,  p a r t i c u la r ly  th e  c o a tin g  m a te r ia l ,  could  be 
com paratively  observed.
I t  i s  n ecessa ry  to  m ain tain  a  c o n s tan t low tem pera tu re  o f s to ra g e  
to  avoid  fo rm ation  on th e  su rface  o f th e  breaded chicken  p a r t s  and t h e i r  
consequent adhension . When th e re  i s  a  r i s e  i n  th e  tem pera tu re  to  n e a r 
th e  m e ltin g  p o in t th e  product may s t io k  and ic e  c ry s ta l s  may form on th e  
su rfa c e  o f th e  fo o d s tu f f .
Jeep -F a t P ry in g  of Breaded F r ie d  Chicken 
J e e p - fa t  f r y in g  i s  th e  p rocess whereby th e  p ro p e rly  p repared  pro­
duct i s  cooked by immersion in  a  body of h ea ted  e d ib le  f a t  o r  o i l  f o r  a  
c e r ta in  tem pera tu re  and tim e .
In  o rd e r to  most n e a r ly  s im u la te  com m ercially a v a i la b le  equipment 
and c o n d itio n s , th e  breaded chicken p a r ts  were banched and d e e p -fa t f r i e d  
in  a  k e t t l e  i n  th e  k itc h e n  o f th e  LSU un ion . The k e t t l e  had th e  fo llo w in g  
fav o ra b le  c h a r a c te r i s t i c s :  a ) T herm ostatic  c o n tro l o f th e  f ry in g  o i l ,  
b) F i l t e r i n g  f ry in g  o i l  system , c) S ta in le s s  s t e e l  c o n s tru c tio n , d) Heat 
exchange by means o f tu b es i n  th e  m iddle o f th e  f r y e r  ta n k , e) Low degree 
o f a e ra t io n .
Jy  means o f th e  th e rm o s ta tic  c o n tro l i t  was p o s s ib le  to  m ain ta in  a  
narrow  range about th e  chosen tem pera tu re  o f f ry in g ,  and th u s  avoid  th e
use of superheated  o i l .  S ince th e  exac t t i n e  and tem pera tu re  a re  very  
im portan t to  m ain ta in  throughout th e  f r y in g  p ro cess  so t h a t  every  
chicken p a r t  re c e iv e s  equal cooking tre a tm e n t. V ariab le  tim e/tem pera­
tu r e  would in tro d u ce  an o th e r f a c to r  in  a f f e c t in g  th e  c o lo r  in te n s i ty  o f 
th e  f i n a l  p ro d u ct.
B lanching  was c a r r ie d  out a t  2 0 1 .6°C (395°F) f o r  20 seconds and 
th e  f i n a l  f ry in g  was conducted a t  1,8 2 .2 0C (360°P) f o r  6 m inu tes.
According to  th e  U.S. Department o f A g r ic u ltu re , f a t  used f o r  
f ry in g  m arine p roducts ( f i s h ,  in c lu d in g  s h e l l  f i s h )  i s  n o t s a t i s f a c to r y  
f o r  purposes o f f r y in g  p o u ltry  a lthough  th e re  i s  no o b je c tio n  to  th e  use 
o f f a t  f o r  f ry in g  p o u ltry  which h as been used f o r  th e  f ry in g  o f p o ta to e s . 
T h ere fo re , no a ttem p t was made to  add f r e s h  o i l  o r  phosphate i n  th e  f ry ­
in g  o i l . .  The com m ercially a v a i la b le  soybean o i l  was used in  th e  f ry in g  
p ro c e ss , and i t  has been used to  f r y  p o ta to e s  f o r  one day d u rin g  th e  
normal o p e ra tio n  o f  th e  k i tc h e n . The com m ercially a v a i la b le  o i l  a lre ad y  
c o n ta in s  a n tio x id a n ts  (BHA and BHT) f o r  th e  purpose o f r e ta rd in g  break­
down of th e  f a t  in to  f r e e - f a t t y  a c id s  and o th e r  noxious m a te r ia ls .
Breaded chicken p a r ts  were a rranged  in  a  m esh-wire b ask e t and 
immersed in  th e  f r y in g .o i l  f o r  th e  s e le c te d  tim e and tem p era tu re . In  
o rd e r  o f f r y in g  was f i r s t  th e  c o n tro l ,  fo llow ed  by b a tch es  B, C, D, E, 
and th e  th re e  le v e ls  o f s u l f i t e  1000, 2000, and 2500 ppm.
Sensory E v a lu a tio n  o f C olor 
The senso ry  e v a lu a tio n  o f c o lo r  was s e le c te d  to  re p re se n t th e  
average consum er's p re fe re n c e . Ten s tu d e n ts  v o lu n tee red  to  se rv e  th e  
c o lo r  panel and no e f f o r t  was made to  s e le c t  th e  p a n e l is ts  f o r  t h e i r  
v is u a l  a c u i ty ,  s in c e  d if fe re n c e s  i n  shade o f c o lo r  d e te c te d  by th e
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average person  were sough t. The p a n e l is ts  c o n s is te d  o f 4 fem ales and 6 
m ales ran g in g  from 20 to  50 y e a rs  o f ag e . They were re p re s e n ta t iv e s  o f 
fo u r  d e s c ip l in e s ,  namely; food sc ie n c e , d a iry  sc ie n c e , home econom ics, 
and h o r t ic u l tu r e .  The p a n e l is ts  were t o  judge th e  c o lo r  o f a  b re a s t  and 
a  th ig h  p iece  o f th e  breaded f r i e d  ch icken  f o r  th e  f iv e  tre a tm e n ts : A,
B, C, D, and E. A th ig h  p iece  was p resen te d  f o r  each of th e  th re e  s u l f i t e  
tre a tm e n ts . The t o t a l  c o lo r  sco re  com piled was 150.
The samples were p laced  on a  w hite  background in  a  room l ig h te d  by 
f lu o re sc e n t lam ps. Each p a n e l i s t ,  i n  th e  absence o f o th e rs ,  judged th e  
samples f o r  c o lo r  by e v a lu a tin g  th e  whole p iece  from each trea tm en t and 
sc o rin g  acco rd ing  to  th e  fo llo w in g  ran k :
Color sco re  1• Too dark
2 . S l ig h t ly  dark 
5* Golden brown ( J u s t  r ig h t )
4 • S l ig h t ly  l ig h t  
5 . Too l i g h t
The apparen t c o lo r  o f a  food depends on (1 ) th e  w avelengths ( f r e ­
quencies) o f th e  in c id e n t l i g h t ,  (2 ) th e  w avelengths r e f le c te d  o r t r a n s ­
m itted  by th e  food ( r e s u l t in g  from  i t s  s e le c t iv e  ab so rp tio n  o f l i g h t ) ,
(5 ) th e  background c o n d itio n s , and (4 ) eye and b ra in  fu n c tio n s .
Components o f th e  l ig h t  s t r i k in g  th e  food w il l  be r e f le c te d ,  
absorbed , o r t r a n s m it te d . I f  w hite  l i g h t  s t r i k e s  an opaque substance  
( l ik e  b read ) and a l l  w avelengths a re  r e f le c te d ,  a  food sample appears 
dark  gray  o r  b la c k . In  case o f breaded  f r i e d  chicken th e  in c id e n t l i g h t  
w il l  be r e f le c te d  a n d /o r  absorbed . The r e f le c te d  l ig h t  coming from th e  
food i s  th e  v isu a l s tim u lu s . The w avelengths f o r  v i s ib le  l ig h t  range 
from 400 to  750 mu (freq u e n c ie s  1 0 ^  to  1 0 ^  c y c le s /s e c ) .
The p h y sica l s t ru c tu re  o f th e  food , a s  w ell a s  th e  chem ical n a tu re  
o f i t s  components, a f f e c t  re f le c tan c e*
S c ie n t i f i c a l l y ,  c o lo r  i s  describ ed  by th re e  a t t r i b u t e s :  (1 ) Spec­
t r a l  c o lo r  (hue) -  red n e ss , g reenness, b lu e n e ss , o r  t h e i r  in te rm e d ia te s ; 
(2 ) S a tu ra tio n  ( p u r i ty  o r chroma) -  th e  s tre n g th  o f hue , o r  freedom from 
m ixture w ith  w h ite ; (3 ) B righ tness ( l ig h tn e s s  o r  v a lu e ) -  a s so c ia te d  w ith  
th e  luminous energy tra n sm itte d  o r  r e f le c te d  by th e  su b s tan ce .
The f i r s t  two a t t r ib u t e s  to g e th e r  d e sc rib e  ch rom atic ity*  Adding 
b r ig h tn e s s , th ey  d e sc rib e  th e  c o lo r  (M arion, 1972)*
The com position o f th e  b read in g  m a te r ia l  w i l l  la r g e ly  a f f e c t  th e  
c h ro m a tic ity , and th e  com bination o f tim e and tem p era tu re  o f cooking w ill  
a f f e c t  th e  b r ig h tn e s s  a t t r ib u t e  p r im a r ily . The com position o f th e  coat­
in g  m a te r ia l  i s  th e  m ajor v a r ia b le  o f th e  breaded f r i e d  ch icken  be ing  
in v e s tig a te d .
The o rg a n o le p tic  q u a l i ty  ( c o lo r ,  t e x tu r e ,  and f la v o r )  o f a  food i s  
th e  prim ary f a c to r  f o r  th e  food to  be accep ted  by th e  consum ers. Then, 
i t  i s  a p p ro p ria te  to  conduct th e  sensory  e v a lu a tio n  o f c o lo r  o f th e  
breaded f r i e d  chicken  to  re p re se n t an average consum er's p re fe re n c e , 
under c o n tro lle d  c o n d itio n s .
In h ib i t io n  o f  Nonenzymatic Browning R eactions by S u l f i te  
Complex chem ical re a c tio n s  Eire invo lved  in  th e  nonenzym atic brown­
in g  system . The e f fe c t iv e n e s s  o f s u l f i t e  in  c o n tr o l l in g  th e se  re a c t io n s  
so th a t  th e  development of th e  m elanoidins i s  e i t h e r  in h ib i te d  o r  re ta rd e d , 
i s  v a r ia b le  depending on th e  n a tu re  of th e  browning system , th e  tim e of 
in tro d u c in g  th e  s u l f i t e  in to  th e  system , and th e  q u a n ti ty  o f th e  s u l f i t e  
b e in g  in tro d u c e d . S u l f i te  as  a  nonenzym atic browning in h ib i to r  has been
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re p o rte d  by Gehman and Osman (1954)» B urton and coworkers (19^5)» Anet 
and In g le s  ( 1964)» H urst (1972), and McWeeny e t  a l . ,  (1974).
The s u l f i t e  have a lso  been used  f o r  o th e r  pu rposes: (a )  a s  a  p re­
s e rv a t iv e , (b ) a s  a  reducing' agent f o r  c o lo r  r e te n t io n  and f o r  s p l i t t i n g  
d i s u l f i t e  bonds in  f lo u r  f o r  b i s c u i t  m anufacture and in  sp in n in g  of 
v eg e tab le  p ro te in s ,  (c )  in  c o n tro l l in g  enzym atic browning re a c tio n s  
(McWeeny e t  a l . ,  1974)•
An in v e s t ig a t io n  was a ls o  conducted to  study  th e  e f fe c tiv e n e s s  o f 
s u l f i t e  in  c o n tro l l in g  th e  nonenzym atic browning re a c t io n s  i n  th e  
breaded f r i e d  ch icken  which con ta ined  up to  20% b u tte rm ilk  s o l id s  in  i t s  
b a t t e r  fozm u la tion .
T h e o re tic a l ly , sodium m e ta b is u lf i te  (NagSgO^, MW=190.11) co n ta in s  
67 . 4% s u l f i t e  (SOg). The amounts o f sodium m e ta b is u lf i te  needed p e r 
100 g  o f b a t t e r  m ix ture  to  c o n ta in  th re e  le v e ls  o f  s u l f i t e  were c a lc u la te d  
and inc lu d ed  in  th e  20% b u tte rm ilk  b a t t e r .  The s u l f i t e  le v e ls  were a rb i­
t r a r i l y  s e le c te d  a s  1000, 2000, and 2500 ppm.
A th ig h  and a  d rum stick  were b a tte re d  in  each le v e l  o f s u l f i t e -  
b a t t e r  m ix tu re . A ll o th e r  p ro ce ss in g  procedures were th e  same as p re­
v io u s ly  d e sc rib e d . The f i n a l  p roducts were c o lo r-sc o re d  by th e  same 
panel members.
Nonenzymatic Browning R eactions i n  Aqueous S o lu tio n s  
F ive p e rcen t aqueous s o lu t io n s  o f g lu co se , g a la c to s e , and la c to s e  
w ith  ly s in e  in  d i s t i l l e d  w ater were p rep a red . Potassium  so rb a te  was 
added a s  an a n tim ic ro b ia l agent a t  th e  r a t e  o f 0.3%. The so lu tio n s  were 
b u ffe re d  w ith  phosphate and th e  pH was a d ju s te d  to  6 .0  u s in g  0.1 N HC1 o r  
0.1 N NaOH when a p p lic a b le . Each s o lu t io n  was poured in to  g la s s  tu b e s ,
t i g h t l y  capped, and s to re d  a t  27°C. The p ro g ress  o f nonenzymatic brown­
in g  re a c t io n s  were determ ined by m easuring th e  in te n s i ty  o f th e  brown 
pigm ents b e in g  form ed. The l ig h t  tra n sm itta n c e  (o r  absorbance) o f th e  
s o lu tio n s  were measured a t  th re e -d a y  in te r v a l s  u s in g  th e  Bausch and Lomb 
sp e c tro n ic  20 a t  420 mu. D is t i l l e d  w ater was used a s  a  b lank f o r  100% 
l ig h t  tra n s m itta n c e .
A second s e t  o f aqueous s o lu t io n s  (1% co n cen tra tio n ) was a ls o  
p repared  c o n ta in in g  la c to s e - ly s in e  and lac tose-gL u tam ic  a c id . The pro­
cedure was th e  same as th e  above. The la c to s e - ly s in e  so lu tio n  was 
a d ju s te d  to  pH 5»5 and th e  lac to se-gL u tam ic  a c id  so lu tio n  was ad ju s t  ed 
to  pH 3 .5 . Sample tu b e s  o f  each s o lu t io n  were s to re d  a t  4»4° and 27°C. 
The l i g h t  tra n sm itta n c e  o f th e  s o lu t io n s  a t  420 mu was measured a t  weekly 
i n te r v a l s .
The t h i r d  s e t  o f 1% aqueous s o lu t io n s  con ta ined  g lu c o se -ly s in e  and 
g a la c to s e - ly s in e . Follow ing  th e  same procedure a s  th e  above, th e  pH o f 
th e  s o lu t io n s  was a d ju s te d  to  4*0. Sample tu b es  were s to re d  a t  4*4° and 
27°C and l i g h t  tra n sm itta n c e  was recorded  a t  weekly in te r v a l s .
Chemicals f o r  th e  Study o f th e  R ate o f Nonenzymatic Browning R eactions in  
Aqueous S o lu tio n s  and in  Model Food System s.
Glucose -  N u tr i t io n a l  B iochem icals C o rp ., g a la c to se  -  Matheson 
Coleman & B e ll ,  la c to s e  -  A llie d  C hem icals, ly s in e ,  g lu tam ic a c id  -  N u tri­
t io n a l  B iochem icals C orp ., potassium  so rb a te  -  Matheson Coleman & B e ll ,  
g ly c e ro l -  F is h e r , m ic ro c ry s ta l l in e  c e l lu lo s e  (A vicel) -  IMC C orp ., 
c a se in  ( te c h n ic a l ,  so lu b le  powder) -  F is h e r ,  and TRI-SIL-Z (T rim e th y ls ily -  
lim id a z o le  in  d ry  p y rid in e  (v /v , 50:50) -  P ie rc e .
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G lucose, g a la c to se , and la c to s e  were th e  reduc ing  sugars f o r  th e  
M ailla rd  browning re a c t io n s ;  th e  amino a c id s  as w ell a s  ca se in  were th e  
sources o f f r e e  amino groups f o r  th e  M ailla rd  r e a c t io n s ;  potassium  s o p -  
b a te ,  a  p re s e rv a tiv e , was used f o r  a n tim ic ro b ia l ag en t; g ly c e ro l was 
used f o r  l iq u id  hum ectant to  c o n tro l th e  w ater a c t iv i t y  and p l a s t i c i t y  
of model food system s; s in c e  m ic ro c ry s ta ll in e  c e l lu lo s e  i s  i n e r t  to  
M a illa rd  r e a c t io n  i t  served  a s  a  s o l id  support f o r  th e  model system s; 
TRI-SIL-Z, a  p repared  re a g e n t, was used to  d e r iv a tiz e  th e  sugars  f o r  
th e  gas chrom atographic an a ly s is*
The form ula f o r  th e  in te rm e d ia te  m oistu re  model food system s was 
m odified from th e  in te rm e d ia te  m o istu re  food form ula by D e sro s ie r 
(1970) and th e  model food form ula by Warmbier e t  a l . ,  (1976).
Nonenzymatic Browning R eactions in  Model Food Systems 
F or th e  purpose of th ih  s tu d y , model food system s were fo rm ula ted  
to  c o n ta in  th re e  d i f f e r e n t  sugars and c a se in  a s  th e  source of amino 
a c id s .  Each form ula  con ta ined  one type  of reducing  sugar and c a se in  
a s th e  b a s ic  in g re d ie n ts .  The t o t a l  in g re d ie n ts  a re  p resen ted  in  
Table I I .
The in g re d ie n ts  were weighed and added in  th e  same o rd e r as l i s t e d  
in  Table I I .  D ire c t m ixing of w ater in to  th e  m ixture was fo llow ed by 
thorough s t i r r i n g .  A f te r  m easuring th e  pH of th e  system s, each form ula 
was poured in to  5 sample b o t t l e s ,  lo o se ly  capped, and p laced  in  a  
d e s s ic a to r  over a  s a tu ra te d  s o lu t io n  o f magnesium n i t r a t e  (M gCN O ^g^^O , 
w ater a c t iv i t y  a^ O .52) f o r  24 h r .  A fte r  th e  w ater a c t i v i t y  e q u i l ib r a t io n ,  
th e  b o t t l e s  were s e a le d  t i g h t l y .  R e p resen ta tiv e  sample b o t t l e s  were kep t 
a t  27 and 36°C. Samples were tak en  a t  re g u la r  in te r v a l s  to  measure
Table II*  Model Food Systems
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In g re d ie n t Composition (g)
A (G lucose) B (G alactose) C (L actose)
1• Potassium  so rb a te 0 .3 0 .3 0 .3
2* Reducing sugar 10 10 10
3 . G lycerol 20 20 20
4* C asein 30 30 30
5* M ic ro c ry s ta ll in e  
c e l lu lo s e  (A v ice l)
10 10 10
6. Water 60 60 60
Table I I I .  Model Food Systems f o r  Water A c tiv ity  Treatm ents
In g re d ie n t Composition (g)
I) (G lucose) E (G alactose) F (L ac tose)
1 . Potassium  so rb a te 0 .5 0 .3 0 .3
2 . Reducing sugar 10 10 10
3. G lycero l 20 20 20
4 . C asein 20 20 20
5. M ic ro c ry s ta ll in e  
c e l lu lo s e  (A v ice l)
10 10 10
6 . Water 40 40 40
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brown pigment accum ulation and th e  amount o f su g ar l e f t  in  each fo rm ula .
The brown pigm ents were e x tra c te d  and th e  l ig h t  tra n sm itta n c e  was 
measured u s in g  th e  S pec tron ic  20 a t  420 mut w ith  d i s t i l l e d  w ater as th e  
b lan k . Sugar was determ ined by gas chrom atography, u s in g  th e  TRI-SIL-Z 
as th e  d e r iv a t iz in g  a g en t.
Samples were analysed  on th e  same day o r  k ep t f ro z e n  a t  -20°C 
u n t i l  f u r th e r  u se .
F or th e  study  o f th e  e f f e c t  o f w ater a c t i v i t y  on th e  r a t e  of 
nonenzymatic browning re a c t io n s  in  model food system  a  second s e t  of 
model food fo rm u la tio n  was a ls o  p repared  a s  shown in  Table I I I .  The in g ­
re d ie n ts  were weighed and mixed in  th e  o rd e r as l i s t e d .  D irec t m ixing of 
w ater was adop ted . A fte r  m ixing thoroughly* each form ula was poured in to  
g la s s  b o t t l e s .  Two sample b o t t l e s  from each form ula were kep t in  a d e s s i-  
c a to r  over one type  o f s a tu ra te d  s a l t  s o lu tio n  f o r  w ater a c t i v i t y  e q u i l i ­
b ra t io n  by h u m id if ic a tio n  p ro cess  (se e  Table IV ). D iffe re n t w ater a c t iv i ­
ty  le v e ls  were ach ieved  by th e  e q u i l ib r a t io n  (h u m id if ic a tio n ) p rocess in  
vacuum d e s s ic a to r s  c o n ta in in g  s a tu ra te d  s a l t  so lu tio n s  (Rockland, i 960) 
which provided c o n s tan t e q u ilib riu m  r e l a t i v e  h u m id itie s  o r  w ater a c t iv i ­
t i e s  a t  27°C. A ppropria te  sam ples were tak en  a t  re g u la r  in te r v a l s  f o r  
sugar con ten t d e te rm in a tio n .
Table IV. S a tu ra ted  S a l ts  S o lu tio n s  f o r  W ater A c tiv ity  E q u il ib ra t io n
S a tu ra te d  S o lu tio n s W ater a c t i v i t y  (aw)
1 . Magnesium n i t r a t e  (Mg(N0j)2 .6H20 0.52
2 . Sodium n i t r a t e  (NaNOg) 0 .62
3. Sodium C hloride (NaCl) 0.75
4 . Potassium  chromate (KgCrO^) 0.84
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Pigment E x tra c tio n  and L ight T ransm ittance D eterm ination
Pigment fo rm ation  in  M a illa rd  browning r e a c t io n  in v o lv es  th e  forma­
t io n  of in c re a s in g ly  u n sa tu ra te d  m u lti-ca rb o n y l compounds. In  dry  systems 
and in  d i lu te  so lu tio n s  c o n ta in in g  p ro te in ,  th e  pigment causes c ro ss -  
l in k in g  between p ro te in  chains (C lark  and Tannenbaum, 1970). T herefo re , 
in  th e  e x tra c t io n  procedure th e  in so lu b le  p ro te in -bound  pigment was 
t r e a te d  w ith  a  p ro te in  s p l i t t i n g  enzyme namely t r y p s in .  During t h i s  
d ig e s tio n  p e rio d  th e  p ro te in  chains a re  broken down and th u s  r e le a s in g  
th e  pigment in to  th e  s o lu t io n .
A 2 -g  sample was d isp e rsed  a n d /o r  d isso lv e d  in  50 ml o f d i s t i l l e d  
w a te r. I t  was fo llow ed  by th e  a d d it io n  of 2 ml o f a  10% t ry p s in  s o lu t io n . 
A fte r  m ixing by s t i r r i n g ,  th e  s o lu t io n  was incubated  a t  45°C f o r  2 h r .
The pH of th e  s o lu t io n  was in  th e  range o f th e  t r y p t i c  a c t i v i t y .  A fte r 
th e  d ig e s tio n  p e r io d , 2 ml of 50% t r ic h lo r o a c e t ic  a c id  was in troduced  
in to  th e  m ixture to  p r e c ip i ta te  out th e  p ro te in .  B efore f i l t e r i n g  
through  a  f i l t e r  paper (No. 589), 0 .1 g  of c e l i t e  a n a ly t ic a l  f i l t e r  a id  
was added in to  th e  m ix tu re . The f i l t r a t e  was measured f o r  i t s  l ig h t  
tra n sm itta n c e  a t  420 mu, w ith  d i s t i l l e d  w ater a s  th e  b lank  a t  a  100% 
re a d in g , u s in g  th e  Sausch & Lomb S p ec tro n ic  20.
Proxim ate Analyses 
M oistu re . The p e rcen t m o istu re  co n ten t o f each sample was c a lc u la ­
te d  a f t e r  d ry in g  2 -  5S  d u p lic a te  sam ples in  a  vacuum oven a t  70°C and 
25 mm Hg f o r  24 h r .
F a t .  The p e rcen t crude f a t  i n  th e  m o is tu re -f re e  sample was d e te r ­
mined by e x tra c t in g  th e  sample w ith  e th y l e th e r  in  a  G old fisch  f a t  ex­
t r a c t i o n  ap p ara tu s u s in g  th e  A.O.A.C. procedure (1970).
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P ro te in .  P ercen t t o t a l  p ro te in  was determ ined by th e  m acro-K jeldhal 
method (A .O .A.C., 1970). The p e rcen t n i tro g e n  was m u lt ip lie d  by 6 .25 to  
o b ta in  t o t a l  p ro te in .
Ash. P ercen t ash  con ten t o f th e  m o is tu re -f re e  sample was determ ined 
by th e  A.O.A.C. procedure (1970).
C arbohydrate. P ercen t t o t a l  carbohydrate  was c a lc u la te d  by deduct­
in g  th e  percen tages of m o is tu re , f a t ,  p ro te in ,  and ash  from 100. On th e  
dry  b a s i s ,  only th e  dry  p e rcen tag es of th e  l a s t  th re e  components were 
considered  (T rieb o ld  and Aurand, 1963).
A ll pH measurements were tak en  by u s in g  a  C om ing pH m eter, model 7 .
T o ta l P la te  Count o f M icroorganisms
S e r ia l  d i lu t io n s  were employed in  o rd e r  to  determ ined th e  number 
o f b a c te r ia  p e r  gram of sam ple.
1 5Under a s e p t ic  c o n d itio n s , d i lu t io n s  o f sam ples from 10 to  10 
were p ip e tte d  and d ispensed  in to  1 ml amounts in  s t e r i l e  P e t r i  d ish es  
to  which Standard Methods Agar (H au sle r, 1972) was added. D up lica te  
p la te s  o f each d i lu t io n  were made and in cu b a ted  a t  37°C f o r  48 h r .  The 
t o t a l  b a c te r ia l  growth (S tandard  P la te  Count) was recorded  a f t e r  th e  
in c u b a tio n  p e rio d .
F ree F a t ty  Acids
F ree f a t t y  a c id s  were determ ined a s  a c id  v a lu e . The a c id  value 
i s  d e fin ed  a s  th e  number of mg o f K0H n ecessa ry  to  n e u tr a l iz e  1 gram 
of f a t  o r o i l .  The f r e e  f a t t y  a c id s  c o n ten t i s  exp ressed  as percen tage  
by weight of o le ic  a c id  (MW=282), Acid v a lu e  « 1 .99 X % F ree  F a t ty  Acids 
(exp ressed  as o l e i c ) .
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The amount o f f r e e  f a t t y  a c id s  p re sen t in  th e  cooking o i l  in d ic a te s  
th e  degree of d e n a tu ra tio n , and to x ic i ty  of th e  sample (Pomeranz and 
Meloan, 1971).
Color of Cooking O il
The o i l  sam ples were f i l t e r e d  through Whatman No, 2 f i l t e r  paper 
in  o rd e r to  remove p a r t i c l e s  which would in te r f e r e  w ith  th e  c o lo r  
measurement. The l ig h t  absorbance (o r  tra n sm itta n c e )  was measured 
a t  460 mu u s in g  th e  Bausch & Lomb S pectron ic  20 w ith  a  CCl^ b lank  a t  
1.0096 re a d in g .
Q u a lita t iv e  T es ts
Carbonvl compounds; P o s i t iv e  t e s t s  a re  in d ic a te d  by th e  fo rm ation  
o f a  p r e c ip i ta te  a f t e r  m ixing th e  sample w ith 2 ,4 -d in itro p h en y lh y d ra z in e  
in  2N HC1.
F u rfu ra l s i The fo rm ation  of red  c o lo r  a f t e r  m ixing th e  sample w ith 
x y lid in e  o r g la c ia l  a c e t ic  a c id  in d ic a te s  a p o s i t iv e  t e s t .
Amadori rearrangem ent p ro d u c ts : P o s itiv e  t e s t s  a re  in d ic a te d  by a  
re d u c tio n  of potassium  fe r r ic y a n id e  o r 2 ,6 -d ich lo ro p h en o l indophenol 
by th e  sam ple.
D eterm ination  of Sugar Content by Gas 
Chr omat ogra-phy
R eagent: TRI-SIL-Z -  a v a ila b le  from P ie rc e ,
T his d e te rm in a tio n  in v o lv es a  reag en t so lv en t system  where T rim ethy l- 
s i ly lim ia a z o le  (TSIM) i s  th e  a c t iv e  s i l y l a t in g  rea g en t and dxy p y rid in e  
i s  th e  so lv en t (v /v , 50*50)• T his one s te p  d e r iv a t iz in g  system  i s  a
pow erful fo rm u la tio n  f o r  q u ick ly  d e r iv a tiz in g  hydroxy, polyhydroxy, and 
carboxyl compounds e i th e r  d ry  o r in  aqueous s o lu t io n .  T h ere fo re , i t  i s  
a  reag en t o f choice f o r  carbohydrates -  wet o r d ry . I t  w il l  no t d e r i -  
v a t iz e  amino groups.
The TRI-SIL-Z i s  a  prepared  reagen t which w ill  s i l y l a t e  sugars 
v e ry  ra p id ly  and smoothly and w ith l e s s  anom erization , even in  th e  
p resence  of m oderate amount o f w a te r.
The TSIM form ula  i s  (CH5) 5SiNCH=NCH=CH.
D e riv a tiz in g  tim e . Many compounds s i l y l a t e  a s  soon as d is so lv e d , 
and most hydroxyl compounds d e r iv a tiz e  com pletely w ith in  5 m in. For 
d e te rm in ing  th e  d e r iv a t iz in g  tim e , th e  s i l y l a t i n g  reag en t and sample 
a re  observed in  th e  chromatograph a t  th e  fo llo w in g  in te r v a l s :  5 , 15 , 30 
min and 1 , 4» and 8 h r .  When th e re  i s  no in c re a se  in  product peak in  3 
su c ce ss iv e  chromatograms, th e  low est tim e i s  taken  a t  which th e  peak 
i s  reached as th e  d e r iv a t iz in g  tim e f o r  th e  compound.
Column. A s t a in le s s  s t e e l  column appears to  be q u ite  s a t i s f a c to r y .  
The t r a n s i t i o n  from l iq u id  to  gas phase, in  th e  p resence o f m e ta l, i s  
th e  most c r i t i c a l  breakdown p o in t .  Once th e  gas phase has been a t ta in e d ,  
th e  d e r iv a tiv e s  appear q u i te  s ta b le  in  th e  presence o f s t a in le s s  s t e e l .
S ta tio n a ry  phase. S il ic o n e s  a re  th e  most u se fu l s ta t io n a r y  phase 
f o r  t h i s  purpose , because th ey  a re  q u ite  i n e r t ,  s t a b le ,  and have excel­
l e n t  s e p a ra tin g  c h a r a c te r i s t i c s .  T heir a b i l i t y  to  perform  a t  h ig h e r  
tem p era tu res  g r e a t ly  ex tends th e  range of th e  chrom atograph. T h e ir  
a b i l i t y  to  r e a c t  a t  v a rio u s  ranges of p o la r i ty  amomg th e  s i l ic o n e s  
broadens t h e i r  a p p l i c a b i l i ty  and c o n tr ib u te s  to  t h e i r  s p e c i f i c i t y .  The 
most w idely  u se fu l s ta t io n a ry  phase i s  SB-30 u l tra p h o re , a  h ig h  p u r i ty ,  
nonpo lar phase u se fu l to  350°C.
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S u b s tra te  f o r  column packing . The one r e l i a b l e  s u b s tra te  th a t  w il l  
w ith stand  th e  rugged co n d itio n s  o f h igh  tem p era tu res  and prolonged 
programming i s  chromosorb W(HP) • I t  i s  a  d ia tom ise-based  and thorough ly  
t r e a te d  m a te r ia l  (Pomeranz and Meloan, 1971)*
Column c o n d itio n in g . The column vised f o r  TSIM d e r iv a tiv e s  should 
be tho rough ly  cond itioned  b e fo re  u se . The reag en t i s  re p e a te d ly  i n je c t ­
ed u n t i l  a  s ta b le  base l in e  i s  a t ta in e d .  New columns were cond itioned  
a t  275°C f o r  36 h r  w ith  th e  c a r r i e r  gas n itro g e n  flow ing  a t  a  f u l l  r a t e .
H andling n re c a u tlo n s . Contact o f re a g e n ts  w ith  th e  sk in  and 
in h a la t io n  should  be avoided , ( p a r t i c u la r ly  th e  e y e s ) . Some in d iv id u a ls  
could be s e n s i t iv e  to  th e  re a g e n t. Working a re a s  should  be w ell v e n ti­
l a t e d .
Procedure f o r  Simple Sugars
A 10 -  15 mg sample was d isso lv e d  in  1 ml TRI-SIL-Z in  a  screwcap 
septum v i a l .  The v ia l  was shaken f o r  15 sec  a t  2 min in te r v a l s ,  i t  may 
be heated  to  60 -  70°C f o r  5 sec  i f  n e c e ssa ry . Sugars a re  u s u a lly  com­
p le te ly  s i l y la t e d  when d is so lv e d . Using th e  p ro p er sy r in g e , 0.1 -  0 .5  u l 
o f th e  re a c te d  m ixture was in je c te d  d i r e c t l y  in to  th e  gas chrom atograph. 
Working param eters were s ta b i l iz e d  and p resen ted  in  Table V.
P r io r  to  w eighing and d e r iv a t iz in g ,  each sample was d r ie d  in  a 
vacuum oven a t  60°C and 25 mm Hg p re s su re  f o r  16 h r .  The sample was th en  
p u lv e rize d  to  lo o se ly  f in e  p a r t i c l e s .
1
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Table V. Param eter o f Gas Chromatography f o r  Sugar A nalysis
C a rte r  gas : N itrogen  a t  40 p s i v flow  r a t e  = 3 cmVmin.
D e tec to r gas : Hydrogen a t  30 p s i ,  and Compressed A ir  a t  25 p s i .
Gas Chromatography : PERKIN ELMER 990
Temp, programming : 170 -  240°C 
Prog , r a t e  : 2°C/min
I n i t i a l  tim e : 2 min 
Cool r a t e  : Med.
F in a l tim e : Hold
Amp. A tten u a tio n  : X 8
Amp. Range s X 10
Autom atic D ig i ta l  In te g ra to r  : INF0TR0NIC Model CRS-200
R ecorder : L in ea r
Track r a t e  s 300 uV/min
Min. peak w idth : 3 sec
R ecorder a t t e n .  : 20
Max. peak w idth : 100 sec
Peak se n so r ga in  : 4
Column s S ta in le s s  S te e l ;  fi'X l/S* S .S . 3% SE-30 M on V araport 30 
100 -  120 mesh.
R ecorder : V arian L in ear Type
Chart speed : 0 .5  in /m in
A pplied v o lta g e  s 1 mv
I n je c t io n  p o rt temp. 
D e tec to r tem p. : 300* 





Breaded F rie d  Chicken
The d e e p -fa t f ry in g  tim e and tem pera tu re  and o th e r  p ro cess in g  
c o n d itio n s  f o r  th e  p roduction  o f th e  breaded f r i e d  chicken were those  
of th e  p ro cess in g  param eter b e in g  used by a  commercial food p rocesso r 
in  A rkansas. The co n d itio n s  were d u p lic a te d  in  our la b o ra to ry  r e s u l t in g  
in  a  good golden brown c o lo r  f o r  th e  c o n tro l p roduct which d id  not 
co n ta in  b u tte rm ilk  s o l id  in  i t s  b a t t e r  fo rm u la tio n . However, th e  f in a l  
c o lo r  f o r  th e  breaded f r i e d  chicken  c o n ta in in g  up to  20% b u tte rm ilk  
s o l id s  in  i t s  b a t t e r  fo rm u la tio n  proved to  be to o  dark  f o r  consum er's 
a ccep tan ce . N ev erth e le ss , i t  was no ted  th a t  th e  b u tte rm ilk  component 
c o n tr ib u te d  to  a  d e s ira b le  c h a r a c te r i s t i c  f la v o r  in  th e  b read  f r i e d  
ch icken .
The c o lo r  p a n e l is ts  judged th e  c o lo r  o f th e  f i n a l  p roducts 
acco rd ing  to  1 to  5 hedonic s c a le  rank ing ; number 1 b e in g  too  dark in  
c o lo r  and number 5 re p re se n tin g  th e  o th e r  ex trem e, too  l ig h t  in  c o lo r .
The c e n te r  s c a le ,  number 3» r e f le c te d  th e  golden brown c o lo r  which was 
th e  most p re fe r re d  c o lo r  f o r  th e  breaded f r i e d  chicken o r any o th e r  f r i e d  
p roducts f o r  th a t  m a tte r . The r e s u l t s  a re  re p re se n te d  in  Table VI.
The ju d g e s ' sc o re s  in d ic a te d  no s ig n i f ic a n t  d if fe re n c e  in  c o lo r  of 
th e  breaded f r i e d  chicken between th e  dark  meat ( th ig h )  and th e  w hite 
meat (b re a s t)  f o r  th e  c o n tro l trea tm e n t ( p > 0 .0 5 ) .  The mean c o lo r  sco res  
f o r  th e  two p a r ts  were 2 .0  and 2 .9 ,  r e s p e c t iv e ly .  The c o lo r  sco res  
a ls o  rev ea led  th a t  th e re  was no s ig n i f ic a n t  d if fe re n c e  in  c o lo r  between
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Table V I, Color Scores o f Breaded F r ie d  Chicken -  Baric and White Meats
B a tte r  Formula Chicken F a r t Judge Number
1 2 3 4 5 6 7 8 9 10
A (C on tro l) Bark Meat 3 3 3 3 3 2 3 3 2 3
White Meat 3 3 3 3 3 3 3 3 2 3
B BM) Bark Meat 3 2 2 3 2 2 2 3 2 2
White Meat 3 3 2 2 2 3 2 3 2 2
C (10?6 BM) Bark Meat 2 2 2 2 1 1 1 2 2 2
White Meat 2 2 1 2 2 1 2 2 2 3
B (15% BM) Bark Meat 1 1 1 1 1 1 1 2 2 1
White Meat 1 2 1 1 1 2 2 2 2 1
E (20$ BM) Bark Meat 1 1 1 1 1 1 1 1 1 2
White Meat 1 1 1 1 1 2 2 2 2 2
EM -  B u tte rm ilk  s o l id s  
Color Scores :
1 -  Too dark
2 -  S l ig h t ly  dark
3 -  Golden brown ( J u s t  ri£vfc)
4 -  S l ig h t ly  l i g h t
5 - Too light
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Table V II. Mean C olor Scores o f Breaded F rie d  Chicken
B a tte r  Formula Judge Number
1 2 3 4 5 6 7 8 9 10
A (C on tro l) 3 .0 3 .0 3 .0 3 .0 3 .0 2 .5 3 .0 3 .0 2 .0 3.0
B (5% BM) 3 .0 2 .5 2 .0 2 .5 2 .0 2 .5 2 .0 3 .0 2 .0 2 .0
C (1 ($  BM) 2 .0 2 .0 1 .5 2 .0 1 .5 1 .0 1 .5 2 .0 2 .0 2 .5
B (15% BM) 1 .0 1 .5 1 .0 1 .0 1 .0 1 .5 1 .5 2 .0 2 .0 1 .0
E (20tf BM) 1 .0 1 .0 1 .0 1 .0 1 .0 1 .5 1 .0 1 .0 1 .0 2 .0
Table V III . Grand Mean C olor Scores o f Breaded F rie d  Chicken
B a tte r  Formula Grand Mean C olor Score
A (C ontro l) 2 .85
B (5% BM) 2.35
C (10% BM) 1.70
D (15% BM) 1.35
E (20% BM) 1.15
BM -  B u tte rm ilk  s o l id s  
C olor Scores * _ Too
2 -  S l ig h t ly  dark
3 -  Golden brown ( J u s t  r ig h t )
4 -  S l ig h t ly  l i g h t
5 -  Too l i g h t
Table IX. A nalysis o f V ariance of th e  Mean C olor Scores
Source d . f . S .S . . . M.S. F
B a tte r  fo rm u la tio n 4 20.09 5.02 34.96
R e p lica tio n  (Judges) 9 5.03 0.56 4**
E rro r 36 5.17 0.14
T otal 49 30.20
H ighly s ig n i f ic a n t  a t  1% p ro b a b i l i ty  le v e l  
F w ith 4 & 36 d . f . = 3.89 (B a tte r  form ula)
F qi w ith  9 & 36 d . f .  = 2 .95  (R e p lica tio n )
th e  two ty p es of ch icken p a r ts  a t  th e  5 and 2Q% le v e ls  of b u tte rm ilk  
s o l id s  in  t h e i r  b a t t e r  fo rm u la tio n s . The mean sco res  f o r  th e  form er 
a re  2 .3  and 2 ,2 , r e s p e c t iv e ly ,  and th e  l a t e r  a re  1.1 and 1 .2 , re s p e c t iv e ly  
(P > 0 .0 5 ) .
However, th e  panel sc o re s  in d ic a te d  a  s ig n i f ic a n t  d if fe re n c e  din 
c o lo r  between th e  dark  and w hite p ie c e s  a t  th e  10 and 15% of b u tte rm ilk  
s o l id s  in  t h e i r  b a t t e r  fo rm u la tio n s  (P <  0 .0 5 ) . The mean c o lo r  sco res  
a t  th e  10% le v e l  a re  1 .7  and 1 .9  f o r  th e  dark  and w hite  p ie c e s , resp ec ­
t iv e ly .  While a t  th e  15% le v e l  th e y  gave mean c o lo r  sco res  o f 1 .2  f o r  
th e  dark  p iec es  and 1 .5  f o r  th e  w hite  p ie c e s . Both b u tte rm ilk  s o l id  
l e v e ls  showed th a t  th e  dark  meat were d a rk e r  in  c o lo r  th an  th e  w hite 
m eat. However, a t  th e  20% le v e l  th e  f i n a l  p roducts appeared too  dark  
in  c o lo r  shades and th a t  th e  judges could  no t d e te c t  th e  d if fe re n c e  in  
c o lo r , i f  any, between th e  two ty p es  o f chicken m eat. The mean c o lo r  
sco res  a re  p resen ted  in  Table V II.
The judges mean c o lo r  sc o re s  f o r  th e  d i f f e r e n t  le v e ls  o f b u t te r ­
m ilk s o l id s  con ten t in  th e  b a t t e r  fo rm u la tio n  ranged from 2 .85 f o r  th e  
c o n tro l to  1 .15 f o r  th e  20% le v e l .
The mean sco re  f o r  each judge in  t h i s  ca tego ry  was c a lc u la te d  and 
p resen ted  in  th e  in c re a s in g  o rd e r  from 1 .7  to  2 .5 :
Mean Score 1*7 1*8 1 .9  2 2.1 2 .5
Judge number 3» 5 6 , 7» 9 4 1» 2 10 8
Four judges had mean sc o re s  from 1 .9  to  2 .1 . F ive  o f th e  judges 
had sc o re s  below t h i s  range and one judge had a  sco re  above i t .
The c a lc u la te d  F value  f o r  judges was 4 which was h ig h ly  s ig n i f i ­
can t ( P <  0 .0 1 ) . The c r i t i c a l  v a lu es a t  d . f .  9 /36 were F nK = 2 .15
•up
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and F^01 = 2 .9 5 .
From th e  a n a ly s is  o f v a r ia n c e , Table IX, i t  was concluded th a t  
th e re  was a  h ig h ly  s ig n i f ic a n t  d if fe re n c e  in  c o lo r  o f th e  breaded f r i e d  
chicken between th e  le v e ls  o f b u tte rm ilk  s o l id s  con ten t in  t h e i r  b a t t e r  
fo rm u la tio n  ( P < 0 . 0 1 ) .  The F va lue  was 34*96* The c r i t i c a l  v a lu es 
a t  d . f .  4 /36  were F 2.63 and F 01«= 3*89* T his in d ic a te d  th a t  th e  
breaded f r i e d  chicken  c o n ta in in g  20% b u tte rm ilk  s o l id s  in  i t s  b a t t e r  
fo rm u la tio n  showed s ig n i f ic a n t ly  d a rk e r  c o lo r  shade th an  th e  c o n tro l 
which d id  no t have th e  b u tte rm ilk  tre a tm e n t. By th e  same to k en , i t  i s  
a ls o  concluded th a t  th e  a d d it io n  o f b u tte rm ilk  s o l id s  up to  20% in  th e  
b a t t e r  m ix tu re  produced a  s ig n i f ic a n t ly  d a rk e r  co lo red  product th an  
th o se  w ithout i t .
V ariab le  which could p lay  some r o le s  o r  in flu e n c e  th e  f i n a l  c o lo r  
o f th e  breaded f r i e d  chicken e i t h e r  d i r e c t l y  o r  in d i r e c t ly  were s tu d ie d . 
In  o rd e r  to  c o n ce n tra te  th e  s tudy  to  unknown v a r ia b le s  (com position  o f 
chicken meat and s k in - b a t te r  complex and th e  u t i l i z a t i o n  o f each com­
ponent by th e  nonenzym atic browning r e a c t io n s ) ,  most o f th e  known 
v a r ia b le s  were predeterm ined  and c o n tro l le d , namely; th e  p ro ce ss in g  
procedure and c o n d itio n s  in c lu d in g  th e  tim e and tem perature  f o r  cooking 
and s to r in g ,  b a t t e r  in g re d ie n ts ,  and s o l id  to  w ater r a t i o  in  th e  b a t t e r  
p re p a ra tio n .
The b u tte rm ilk  powder com position (T able X) and wheat f l o u r  com­
p o s i t io n  (T able XI) were reproduced from Webb ( 1965) and Hlynka ( 1964) ,  
r e s p e c t iv e ly .  P e rcen t com position in d ic a te d  th a t  th e  b u tte rm ilk  powder 
con ta ined  40% la c to s e ,  th e  m ilk  su g a r . T h ere fo re , in  th e  form ula E 
which con ta ined  20% b u tte rm ilk  s o l id s ,  th e re  was 8% la c to s e  c o n tr ib u te d  
by th e  b u tte rm ilk  powder. The wheat f l o u r  con ta ined  1.2% t o t a l  su g a rs
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Table X. P ercen t Composition o f B u tten n ilk  Powder
M oisture 1 .9
P ro te in 38.7
F a t 5 .9
L actose 40 .0
Ash 7 .7
L a c tic  a c id 5 .9
Table X I. P e rcen t Composition o f Wheat F lo u r
M oisture 12 .0
P ro te in 19.5
F a t 1 .0
C arbohydrate 76.1
Ash 0.43
Table X II . P e rcen t Composition of B a tte r  Formula
Formula A (C o n tro l) Formula E (20^ B u tte rm ilk )
Glucose 1 .2  O.96
L actose  0 8 .0
P ro te in  10.5  16.14
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F igu re  7 . P ercen t b u tte rm ilk  s o l id s  vs mean c o lo r  sco re
(measured a s  g lucose) and th e  r e s t  o f th e  carbohydrate  p o r t io n  vas 
s ta r c h ,  a  polysaccharide*  The f l o u r  c o n tr ib u te d  0*96% sugar i n  th e  
form ula E. Thus th e  t o t a l  amount o f  sugars  in  th e  20% b u tte rm ilk  b a t t e r  
fo rm u la tio n  was c a lc u la te d  to  be 8 *96%, m ostly  l a c to s e .  Formula A 
(C o n tro l) , th e re fo re ,  con tained  1.2% su g ar in  th e  form o f g lucose .
The b u tte rm ilk  powder con ta ined  38,7% p ro te in  and th e  wheat f lo u r  
con ta ined  10.5% p r o te in .  T h ere fo re , fo rm ula  E would c o n ta in  a  t o t a l  of 
16.15% p ro te in  and i t  was only 10.5% p ro te in  in  th e  c o n tro l form ula.
The weight r a t i o  o f sugar to  p ro te in  would be
 ̂ * 0.1145 f o r  form ula A, and ^*9^ *s 0.5551 f o r  form ula E.
10.5 16.14
The c o n tro l product gave a  mean c o lo r  sco re  of 2 .85  and th e  product of 
trea tm en t E gave a  mean c o lo r  sco re  o f 1.15* The p e rfe c t  golden brown 
c o lo r  would g ive  a  mean score  o f 5* G raphic re p re s e n ta tio n  of the  
r e la t io n s h ip  between th e  le v e ls  o f b u tte rm ilk  s o l id s  in  th e  b a t t e r  
form ula and th e  i n i t i a l  su g a r-p ro te in  r a t i o  and th e  mean c o lo r  sc o re s , 
i s  shown in  F ig u re s  6 and 7» r e s p e c t iv e ly .  The c a lc u la te d  com position 
o f th e  dry  b a t t e r  form ula i s  p resen te d  in  Table X II.
The p o u ltry  meat was analysed  a f t e r  precooking  and a f t e r  th e  f i n a l  
f r y in g .  The bones and th e  s k in - b a t te r  p o r t io n  were removed p r io r  to  
sam pling f o r  a n a ly s is .  The r e s u l t s  a re  p resen ted  in  T ables X III and XIV. 
The dark meat ( th ig h )  contained  a  h ig h e r  percen tage  of f a t ,  7«51%» than  
th e  w hite meat ( b r e a s t ) ,  1.5%* in  th e  precooked m eat. A fte r  th e  f i n a l  
f ry in g  th e  p e rcen tag es changed to  10.50 and 5»57%# re s p e c t iv e ly . The 
dark  meat s t i l l  m aintained th e  h ig h e r  pe rcen tage  of f a t  th an  th e  w hite 
m eat. The in c re a se  o f f a t  con ten t i n  th e  meat of th e  f i n a l  product i s  
a t t r ib u te d  to  two f a c to r s :  1) m o istu re  l o s s ,  and 2) f a t  ab so rp tio n  d u rin g
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Table XIII. Percent Composition of Cooked Chicken Meat 
(Without Bones and Skin-Batter Complex)
Parameter After Precooking








Table XIV. Loss and Gain of the Cooked Chicken Meat 
(Without Bones and Skin-Batter Complex)
Parameter White Meat (Breast) Bark Meat (Thigh)
Moisture Loss 10.90 8.16
Fat Absorption 2.07 3.19
Protein Gain 7.78 5.09
th e  d e e p -fa t  f ry in g  p ro c e ss . The t o t a l  f a t  ab so rp tio n  was 2,07% f o r  
th e  w hite meat and 3 *19% f o r  th e  dark  m eat, however, th e  t o t a l  m oistu re  
lo s s  was 10.90% f o r  th e  w hite meat and 8.16% f o r  th e  dark  m eat. The 
b r e a s t ,  e v id e n tly , l o s t  more m oistu re  th an  th e  th ig h ; a lthough  th e  
b re a s t  con ta ined  s l i g h t ly  more percen tage  of m oisture  in  th e  precooked 
m eat. Such d isc re p a n c ie s  can be exp la ined  by th e  n a tu re  o f th e  chicken 
p a r ts ;  The th ig h  meat was r e l a t i v e ly  sm a lle r  in  s iz e  than  th e  b re a s t  
m eat, and i t  was w ell covered by th e  b a t t e r  and b read ing  m a te r ia l  th a t  
gave p ro te c tio n  a g a in s t m oisture  l o s t .  The b re a s t  meat had more exposed 
meat a re a ,  p a r t i c u la r ly  on i t s  edge, a p p a ren tly  rece iv ed  l e s s  p ro te c tio n  
from th e  c o a tin g  m a te r ia l .  T h ere fo re , th e  b re a s t  would be more l i a b l e  
to  m o istu re  lo s s  o r  a b so rp tio n .
In  c o n tra d ic t io n  w ith  th e  above argum ent, th e  th ig h  meat absorbed 
more f a t  ( 3*19%) th an  th e  b re a s t  meat ( 2 . 07%), a  d if fe re n c e  o f 1.12%.
T his phenomenon could be -a t t r ib u te d  to  th e  o r ig in a l  f a t  co n ten t o f th e  
th ig h  meat (7*31%)• The b re a s t  con ta ined  only 1.3% f a t .  Once absorbed , 
th e  f a t  was w e ll con ta ined  and n o t e a s i ly  l o s t .
The d if fe re n c e s  in  p ro te in  co n ten t were due m ostly  to  th e  m oisture  
lo s s  d u rin g  f r y in g .  The f i n a l  p roducts  were found to  be d ry e r  th an  th o se  
b e fo re  f r y in g .  Some p ro te in  was bound to  be l o s t  due to  d e n a tu ra tio n  
and le a c h in g  d u rin g  cooking and a ls o  due to  th e  ro le  of amino a c id s ,  
p a r t i c u la r ly  f r e e  amino a c id s ,  i n  th e  nonenzymatic browning re a c t io n s  
w ith sugars r e s u l t in g  in  a  d a rk e r  co lo red  p ro d u c t. C om paratively, 
however, th e  b re a s t  con ta ined  a  h ig h e r percen tage  of p ro te in  ( 30 . 42%) 
th an  th e  th ig h  (25.41%)» in  th e  precooked m eat.
The d if fe re n c e s  in  th e  m o is tu re , f a t ,  and p ro te in  co n te n ts  seemed 
to  g ive no d i s t in c t iv e  e f f e c t  in  th e  f i n a l  c o lo r  o f th e  breaded f r i e d
ch icken . At th e  20% b u tte rm ilk  s o l id s  l e v e l ,  i t  was shown th a t  th e re  
was no s ig n i f ic a n t  d if fe re n c e  between th e  dark and w hite p iec es  
(P >  0 .0 5 ) .  On th e  average , th ey  bo th  scored 1.15 on th e  hedonic c o lo r  
s c a le .
Prom th e  review  of l i t e r a t u r e  i t  was noted  th a t  p o u ltry  meat con­
ta in e d  w a te r, p ro te in , f a t ,  v ita m in s , m in e ra ls , and sm all amounts of 
carb o h y d ra te . The in tra m u scu la r f a t  con tained  17.6% l in o l e ic  and l in o -  
le n ic  a c id .  The muscle con ta ined  th iam in e , r ib o f la v in ,  a sc o rb ic  a c id , 
and a h igh  p ro p o rtio n  of n ic o t in ic  a c id  (Mountney, 1966).
A ccording to  Thomas e t  a l . ,  (1971)» th e  p o u ltry  sk in  con ta ined  20g 
of t o t a l  l i p i d  p e r  50g s k in . The hexane e x tra c ta b le  was 32% and t o t a l  
carbony ls amounted to  50 u  m ole/lO g o f th e  hexane e x tr a c ta b le s .  These 
carbony ls could c o n tr ib u te  to  th e  am ino-carbonyl r e a c tio n s  r e s u l t in g  in  
th e  fo rm ation  o f brown pigm ents i n  th e  breaded f r i e d  ch icken . Although 
th e  m ajor p ro p o rtio n  of th e  carbony ls would be derived  from th e  sugars 
p re se n t in  th e  b a t t e r  fo rm u la tio n . Formula E was c a lc u la te d  to  have 8.0% 
la c to s e  and 0 .9 6% g lu co se . This trea tm e n t produced a  d a rk e r co lo red  
breaded f r i e d  chicken th an  th e  c o n tro l which con ta ined  only 1.2% g lu co se .
F or th e  purpose of s tu d y in g  th e  changes th a t  took p lac e  i n  th e  
o u te r  la y e r  o f th e  breaded f r i e d  ch icken , com positional a n a ly s is  was 
perform ed on th e  s k in - b a t te r  complex. The th ig h  was chosen to  be th e  
r e p re s e n ta t iv e  p a r t  because i t  p rovided  a  good supply  o f th e  complex 
from around i t .  Furtherm ore, th e  th ig h  meat in d ic a te d  a r e l a t i v e  r a t i o  
o f m o is tu re , p r o te in ,  and f a t  co n ten t (6 7 :2 5 :7 , r e s p e c t iv e ly ,  a f t e r  
precooking , and 59 :31s11f r e s p e c t iv e ly ,  a f t e r  th e  f i n a l  f r y in g ) .  In  
ad d itio n , i t  was found th a t  th e  removal of th e  s k in -b a t te r  complex was
much e a s ie r  from th e  th ig h  p a r t  th a n , f o r  in s ta n c e , from th e  wing p a r t .
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A nalysis was c a r r ie d  out on th  s k in -b a t te r  complex a f t e r  th e  b lan ch in g  
p ro cess  and a ls o  a f t e r  th e  f in a l  f ry in g , The r e s u l t s  a re  p resen ted  in  
T ables XV and XVI, The pH and th e  T otal P la te  Count o f th e  complex 
were a ls o  determ ined a f t e r  th e  30-day  p e rio d  in  th e  f ro z e n  s to ra g e , 
p r io r  to  th e  d e e p -fa t f ry in g  o p e ra tio n . The r e s u l t s  were p resen ted  in  
Table XVIII. The lo s s  and ga in  o f th e  complex were compared between 
th e  c o n tro l and th e  20% b u tte rm ilk  s o l id s  t re a tm e n t, and th e  r e s u l t  i s  
p resen te d  in  Table XVII.
The s k in - b a t te r  complex was removed by c u t t in g  w ith  a k n ife  and 
t e a r in g  i t  a p a r t  from th e  meat by hand. S p ec ia l c a re  was observed to  
c o l le c t  e v ery th in g  th a t  was removed. Using a p a i r  o f s c i s s o r s ,  th e  
complex was s l ic e d  in to  sm all p ie c e s . A f te r  th e  m oistu re  d e te rm in a tio n , 
th e  d r ie d  sample was used f o r  th e  f a t  and p ro te in  d e te rm in a tio n . A f te r  
de te rm in ing  th e  ash  c o n te n t, th e  percen tage  o f carbohydrate  was c a lc u la ­
te d .  P ercen tages on dry  and wet b a s is  were c a lc u la te d  and ta b u la te d .
The f i n a l  m o istu re  con ten t of th e  s k in - b a t te r  complex was 23.63% 
f o r  th e  trea tm e n t E, and 21.89% f o r  th e  c o n tro l .  The 1.74% d if fe re n c e  
in  fa v o r  of th e  trea tm e n t E was a t t r ib u te d  to  th e  c h a r a c te r i s t i c  w a ter 
h o ld in g  c a p a c ity  o f th e  m ilk p ro te in  (c a se in )  and th e  m ilk su g ar ( la o -  
t o s e ) ,  p re se n t in  th e  b u tte rm ilk  component. The m oistu re  lo s s  d u rin g  
th e  f ro z e n  s to ra g e  p e rio d  and d u rin g  th e  f i n a l  d e e p -fa t f ry in g  p ro cess  
was c a lc u la te d  to  be 6*92% f o r  th e  trea tm en t E and 6.24% f o r  th e  c o n tro l .  
In  t h i s  r e s p e c t ,  tre a tm e n t E in d ic a te d  a  g r e a te r  m o istu re  lo s s  th a n  th e  
c o n tro l ,  by 0.68%. A nalysis o f th e  meat p o r tio n  in d ic a te d  8.16% mois­
tu re  lo s s  (se e  Table XIV). The t o t a l  m oistu re  lo s s  was a t t r ib u te d  to  
1) th e  lo s s  d u rin g  fro z e n  s to rag e  p e rio d , 2) m o istu re  ev ap o ra tio n  
d u rin g  h ig h  tem pera tu re  f r y i n g , , and 3) m o istu re  b e in g  u t i l i z e d  by th e
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Table XV. P ercen t Composition o f th e  S k in -B a tte r  Complex o f th e  
Breaded F rie d  Chicken
P aram eter A Thigh P iece  o f Treatm ent A (C o n tro l)
A fte r  B lanching  A f te r  F in a l F ry in g
Dry Wet Dry Wet
M oisture 28.13 21.89
F a t 41.58 29.88 42.95 33.55
P ro te in 8 .50 6.11 7.25 5*66
Carbohydrate 49.60 35.65 49.48 38.65
Ash 0.42 0.23 0.32 0.25
Table XVI. P ercen t Composition o f th e  S k in -B a tte r  Complex o f th e  
Breaded F r ie d  Chicken
Param eter A Thigh P iece  of T reatm ent E (2($> B u tte rm ilk )
A fte r  B lanching A f te r  F in a l  F ry in g
Dry Wet Dry Wet
M oisture 30.55 23.63
F a t 40.13 27.87 42.77 32.66
P ro te in 9.77 6.79 8.15 6.23
Carbohydrate 48.20 33.47 47.18 36.03
Ash 1.90 1 .32 1 .90 1 .45
6 4
Table XVII. Loss and Gain o f th e  S k ia -B a tte r  Complex o f th e  
Breaded F rie d  Chicken
m——mmmmmmtmmiw w  r  i i.TfBimnriJVsninjinn—MBMiftiwuMifiwiiiTiin n n n  r .in n f in n m u u u w n m w iin s
Param eter Treatm ent A (C o n tro l)  Treatm ent E (2C$ B u tte rm ilk )
Dry Vet Dry Vet
M oisture Loss 6 .24 6.92
F a t A bsorp tion  1.57 3.67 2.64 4 .79
P ro te in  Loss 1.25 0 .45 1.63 0.56
C arbohydrate Loss 0 .12 3 .00a 2.02 2 .56a
T o ta l pH Drop 0 .45 0.41
pH Drop During S torage 0 0.02
pH Drop D uring F in a l  F ry in g 0 .45 0.39
a  -  Carbohydrate Gain
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nonenzym atic browning r e a c t io n s .  The m oistu re  con ten t o f th e  breaded 
f r i e d  chicken were 59.5% f o r  trea tm e n t E and 55.8% f o r  th e  c o n tro l .  In  
essen ce , th e re  was a  g re a te r  lo s s  o f m oistu re  in  th e  s k in - b a t te r  complex 
o f th e  20% b u tte rm ilk  trea tm e n t th an  th e  c o n tro l;  b u t , th e  f i n a l  mois­
tu re  con ten t o f th e  complex and th e  whole breaded f r i e d  chicken was 
h ig h e r  f o r  th e  sane trea tm en t th a n  th e  c o n tro l .  I t  was concluded th a t  
th e  a d d itio n  of 20% b u tte rm ilk  s o l id s  in  th e  b a t t e r  form ula r e s u l te d  in  
b e t t e r  r e te n t io n  of m oistu re  i n  th e  f i n a l  p ro d u c t, th u s  a  more ju ic y  
breaded f r i e d  chicken th an  w ithou t i t .
On a  dry  b a s is ,  th e  f i n a l  com position o f th e  s k in -b a t te r  complex 
f o r  trea tm en t E was f a t  42.77%» p r o te in  8 .1 5%» carbohydrate 47*18%, and 
ash  1.9%. The complex from th e  c o n tro l p iece  gave f a t  42.95%» p ro te in  
7.25%, carbohydrate 49*48%> and ash  0.52%. From Table XVII i t  i s  c le a r  
th a t  th e  s k in -b a t te r  complex o f tre a tm e n t E had g re a te r  f a t  ab so rp tio n , 
g r e a te r  p ro te in  lo s s ,  and g r e a te r  carbohydrate  lo s s  th an  th a t  o f th e  
c o n tro l .  P ercen tage-w ise , 2 . 64 , 1 . 65 , and 2.20%, re s p e c t iv e ly , f o r  
trea tm en t E, and 1.57» 1*25t and 0.12%, re s p e c t iv e ly , f o r  th e  c o n tro l .
Such d if fe re n c e s  in d ic a te d  g r e a te r  a c t i v i t i e s  o f th e  nonenzymatic brown­
in g  re a c tio n s  by u t i l i z i n g  g r e a te r  amount o f s u b s tra te s  le a d in g  to  th e  
fo rm ation  o f g re a te r  amount o f brown pigm ents i n  th e  b u tte rm ilk  breaded 
f r i e d  chicken th an  th e  c o n tro l .  T his i s  supported  by th e  d i f f e r e n t  mean 
c o lo r  sco res  rece iv ed  by th e  trea tm e n t E (1 .1 5 ) and by th e  c o n tro l (2 .0 5 ) . 
The p e r fe c t  golden brown product would re c e iv e  a  mean score  of 5*0.
A g re a te r  p ro p o rtio n  of th e  carbohydrate  lo s s  would be from la c to s e  
b e in g  u t i l i z e d  in  th e  M a illa rd  browning re a c t io n s  w ith  amino a c id s  from 
th e  p ro te in  con ten t o f th e  p ro te in  co n ten t o f th e  b u tte rm ilk  form ula.
On a  wet b a s i s ,  th e  carbohydrate  con ten t seemed to  in c re a se  by 5%
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in  th e  s k in - b a t te r  complex of th e  c o n tro l ,  and 2 . 56% in  th e  b u tte rm ilk  
tre a tm e n t. The percen tage  in c re a se  was due to  th e  s ig n i f ic a n t  re d u c tio n  
of th e  m oistu re  co n ten t in  th e  f i n a l  p roduct and th e  carbohydrate con­
t e n t ,  a  m ajor component, was g r e a t ly  a f f e c te d .  A c tu a lly , some carbohy­
d ra te  was l o s t  a s  shown by th e  f ig u r e s  on a  d ry  b a s is .
The pH o f th e  s k in - b a t te r  complex was a ls o  determ ined . The r e s u l t  
in d ic a te d  a  drop of th e  pH value from  6 .10 to  6.08 d u rin g  th e  fro zen  
s to ra g e  p e rio d  of th e  trea tm en t E p ro d u c t, and th e  c o n tro l seemed to  
m ain ta in  th e  same pH 6.15 th roughout th e  30-day fro ze n  s to rag e  p eriod  
(Table XVIII) .  The low er pH re a d in g  f o r  th e  trea tm en t E was a t t r ib u te d  
to  th e  l a c t i c  ac id  co n ten t of th e  b u tte rm ilk  component. The b a t t e r  f o r ­
mula E was c a lc u la te d  to  have 1.18% l a c t i c  a c id . A n o tic e a b le  drop of 
th e  pH rea d in g  was reco rded  f o r  th e  c o n tro l a f t e r  th e  f i n a l  d e e p -fa t  
f ry in g  p ro c e ss . The f i n a l  pH re a d in g  was 5*7» w hile th e  f i n a l  pH o f th e  
b u tte rm ilk  t r e a te d  p roduct was low ered to  5*69# O bviously, th e  d e e p -fa t  
f ry in g  p ro cess  r e s u l te d  in  th e  low ering  of th e  pH rea d in g  by 0 .45  f o r  
th e  c o n tro l ,  and 0 .39  f o r  trea tm e n t E (Table XVII).
Table XVIII gave th e  T o ta l P la te  Count o f th e  s k in - b a t te r  complex 
a f t e r  th e  fro zen  s to ra g e  p e rio d  and p r io r  to  th e  f i n a l  f ry in g  o p e ra tio n . 
The b u tte rm ilk  tre a tm e n t showed 2800 TPC and th e  c o n tro l showed 2500 TPC, 
in d ic a t in g  th a t  th e  p ro d u c ts  were handled  w ith  r e l a t i v e ly  good care  
th roughout a l l  s ta g e s  o f th e  p ro ce ss in g  p rocedure .
Table IX in d ic a te d  th e  y ie ld  of th e  breaded f r i e d  ch icken . The 
y ie ld  was c a lc u la te d  from th e  average weight o f th e  fo u r  p a r t s ,  namely; 
b r e a s t ,  wing, th igh* and d rum stick . The a d d itio n  of 20% b u tte rm ilk  s o l id s  
in  th e  b a t t e r  form ula r e s u l te d  in  a  p roduct w ith  h ig h e r f in a l  y ie ld ,  
h ig h e r t o t a l  m oist Tore, and a  h ig h e r  percen tage  of c ru s t  than  th e  c o n tro l
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Table XV III. The pH and T o ta l P la te  Count o f th e  S k in -B a tte r  Complex 
o f th e  Breaded F r ie d  Chicken
Param eter Treatm ent A (C on tro l)
A f te r  B lanching  B efore F in a l  F ry ing  A fte r  F in a l F ry in g
pH 6.15 6 .15  5.70
TPC 2500







Table XIX* P ercen t Y ield  of th e  Breaded P r ie d  Chicken
B a tte r  Formula
A (C on tro l) E (20# B u tte rm ilk )
a ' * 1 Breaded y ie ld 110.4 114.2
F in a l y ie ld^ 95.4 98.1 .
T o ta l m oistu re 55.8 59.5
P ercen t crust** 11.5 15.2
Y ield  i s  exp ressed  a s  a  p ercen tage  o f th e  weight b e fo re  p recooking
P ercen t c ru s t  was determ ined by i t s  removal a f t e r  th e  f i n a l  f ry in g :  
A known q u a n ti ty  of breaded f r i e d  chicken was washed under a  ta p  
w ater w ith  g e n tle  s c ra p in g  by hand f o r  15 min and th en  th e  p a r t s  
were b lo t te d  d ry  and rew eighed. P ercen t weight lo s s  was considered  
a s  th e  p e rcen t c ru s t
Table XX. F ree  F a t ty  Acids and C olor o f th e  Cooking O il (Soybean O il)
Param eter B efore F ry ing A fte r  F ry in g  a t  
360 F f o r  6 min
1• F ree  F a t ty  Acids (a s  o le ic ) 0*035# 0 . 072#
2* L igh t Absorbance a t  460 mu 0.08# 0 .95#
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p ro d u c t.
The breaded chicken y ie ld  was a lso  g re a te r  f o r  th e  b u tte rm ilk  
t r e a te d  p ro d u c t. However, th e  g r e a te r  mass o f th e  b a t t e r  and b read er 
around th e  20% b u tte rm ilk  t r e a te d  sample allow ed more p ro p o rtio n  of 
cooking lo s s  which i s  th e  d if fe re n c e  between th e  breaded y ie ld  and th e  
f i n a l  y ie ld .  The cooking lo s s  f o r  th e  c o n tro l was 15%, and th e  t r e a t ­
ment E in d ic a te d  16.1% o f cooking lo s s  which i s  1.1% h ig h e r  th an  th e  
c o n tro l .  N e v e rth e le ss , trea tm en t E s t i l l  had 3.7% more percen tage  o f 
c r u s t ,  th a n  th e  c o n tro l .
The 20% b u tte rm ilk  s o l id s  b a t t e r  form ula con ta ined  8.96% red u c in g  
sugar ( la c to s e  b e in g  8.0% and 0.96% g lu c o se ) , 16.14% p ro te in  from wheat 
f l o u r  and c a se in , and 1.98% f a t .  The c o n tro l b a t t e r  fo rm ula  con ta ined  
1.2% g lu co se , 10.5% p ro te in  from th e  f lo u r ,  and 1,0% f a t .  The r a t i o  of 
sugar to  p ro te in  was 1 :8 .7 5  f o r  th e  c o n tro l and 1 :1 .8  f o r  th e  20% b u t t e r ­
m ilk  t re a tm e n t. O bviously, th e  l a t e r  form ula had a  r e l a t i v e ly  good 
supply  o f th e  prim ary  r e a c ta n ts  f o r  th e  M ailla rd  r e a c t io n ,  and th ey  were 
about th e  same c o n c e n tra tio n . While th e  c o n tro l form ula con ta ined  too  
low c o n c e n tra tio n  o f red u c in g  sugar (1.2%) and a ls o  i t  was devoid of 
c a se in , th e  a c t i v i t y  o f nonenzym atic browning i s  th u s  l im ite d  to  some 
e x te n t .  The g re a te r  browning a c t i v i t i e s  in  th e  b u tte rm ilk  b a t t e r  were 
s u b s ta n t ia te d  by th e  dark  co lo red  breaded f r i e d  ch icken .
Chemical changes in  th e  cooking o i l . The soybean o i l  which was used 
in  th e  f ry in g  o p e ra tio n  was sampled b e fo re  and a f t e r  th e  p ro c e ss . Chemical 
t e s t  on i t s  a c id  va lue  was determ ined . The ac id  value was converted  to  
f r e e  f a t t y  a c id s  co n ten t expressed  a s  o le ic  a c id .  L igh t absorbance was 
a ls o  determ ined . The r e s u l t  i s  p resen ted  in  th e  Table XX.
Chemical changes d u rin g  h e a tin g  depends on a t  l e a s t  fo u r  f a c to r s :
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1) th e  le n g th  of tim e a  s p e c i f ic  t r ig ly c e r id e  i s  exposed to  h e a t ,  2) th e  
tem p era tu re , 3) th e  presence of p ro o x id an ts , 4 ) th e  mixed f a t t y  ac id  
com position and th e  p o s i t io n  o f th e  f a t t y  a c id s  in  th e  t r ig ly c e r id e .
In  term s of commercial o p e ra tio n s , th e  le n g th  o f tim e a  s p e c i f ic  t r i ­
g ly c e r id e  m olecule i s  exposed to  h e a t i s  dependent on th e  amount o f 
f a t  absorbed on th e  cooked food ite m . T his tu rn o v e r r a te  i s  m inim um 
f o r  foods which c o n ta in  s u b s ta n t ia l  amounts of f a t  such a s  s te a k  and 
ch icken  and maximum f o r  foods such a s  p o ta to  ch ips which absorb  40^ 
of th e  f r y in g  f a t  o r o i l  (Kummerow, 1962).
However, i t  was found th a t  th e  f ry in g  p rocess r e s u l te d  i n  th e  in ­
c rease  o f th e  f r e e  f a t t y  a c id s  (a s  o l e i c )  by 0 . 037#  and th e  l i g h t  ab so r- 
ancy by 0 .8 7 ^ . The in c re a se  o f f r e e  f a t t y  a c id s  was a ls o  r e f le c te d  by 
th e  low ered pH of th e  breaded f r i e d  ch icken . The amount o f  th e  f r e e  
f a t t y  a c id s  a ls o  r e f l e c te d  th e  to x ic i ty  o f th e  used o i l .  The va lue  in  
excess o f 2% would d e c la re  th e  f ry in g  o i l  as  unwholesome. F i l t e r i n g  
th e  sed im ent, and add ing  f r e s h  o i l  w i l l  remedy th e  s i tu a t io n .
In h ib i t io n  o f NEB R eactions by S u lf i te  
F o r th e  purpose of t h i s  s tu d y , th re e  s u l f i t e  le v e ls  were a r b i t r a ­
r i l y  chosen and in c lu d ed  i n  th e  form ula th a t  con ta ined  2 ($  b u tte rm ilk  
s o l id s .  From th e  p rev io u s  r e s u l t  i t  was c e r ta in  th a t  th e  a d d it io n  of 
b u tte rm ilk  s o l id s  up to  2 ($  in  th e  b a t t e r  form ula produced d a rk e r  co lo red  
p ro d u c ts . The th ig h  p iece  was chosen a s  th e  t e s t  p iece  f o r  t h i s  ex p e ri­
ment due to  th e  r e l a t i v e  p ro p o rtio n  o f m o is tu re , f a t ,  and p ro te in  con­
te n t  in  th e  th ig h  m eat.
Sodium m e ta b is u lf i te  was weighed to  th e  n e a re s t  m illig ram  to  pro­
vide  th e  th r e e  l e v e ls  of s u l f i t e  (SOg) i n i t i a l l y  in  th e  b a t t e r  fo rm u la .
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Table XXI. C olor Scores of Breaded F r ie d  Chicken T rea ted  w ith  S u l f i te
B a tte r  Formula Judge Number
1 2 3 4 5 6 7 8 9 10
E (C o n tro l) 1 1 1 1 1 1 1 1 1 2
F (1000 ppm) 2 2 1 2 2 1 2 2 2 1
G (2000 ppm) 2 3 2 3 3 2 2 2 3 2
H (2500 ppm) 3 3 2 3 3 2 3 3 3 3
Table XXII. Mean C olor Scores o f Breaded F r ie d  Chicken T rea ted  w ith  
S u l f i te
B a tte r  Formula Mean C olor Score
E (C on tro l) 1 .10
F (1000 ppm) 1 .70
G (2000 ppm) 2 .40
H (2500 ppm) 2 .80
C olor Scores :
1 -  Too dark
2 -  S l ig h t ly  dark
3 -  Golden brown ( J u s t  r ig h t )
4 -  S l ig h t ly  l ig h t
5 -  Too l ig h t
Table XXIII. A nalysis o f V ariance o f th e  Mean C olor Scores
Source d . f . S .S . M.S. F
S u l f i te  le v e l 3 17 5.67
4*
37.8
R e p lica tio n  (Judges) 9 3 0 .33
*
2.25
E rro r 27 4 0.15
T o ta l 39 24
H ighly s ig n i f ic a n t  a t  1% p r o b a b i l i ty  le v e l
* /S ig n if ic a n t  a t  5% p ro b a b i l i ty  le v e l
F^01 w ith 3 & 27 d . f .  = 4 .6  ( S u l f i te  le v e l)
F w ith  9 & 27 d . f .  = 2 .25  (R e p lic a tio n )


















Figure  8 . I n i t i a l  s u l f i t e  (ppm) vs mean c o lo r  sco re
The le v e ls  o f s u l f i t e  were 1000, 2000, and 2500 ppm. The s u l f i t e  was 
mixed w ith  th e  d ry  b a t t e r  m ixture th en  th e  same amount o f w ater was 
added to  each form ula, F , G, and H. A ll o th e r  s ta g e s  of han d lin g  and 
p ro ce ss in g  were th e  same a s  p re v io u s ly  ex p la in ed .
The f i n a l  product was su b je c ted  to  c o lo r  sc o rin g  by te n  c o lo r  
p a n e l is ts  as  p rev io u s ly  ex p la in e d . The r e s u l t  was d u p lic a te d  in  Table 
XXI. The mean c o lo r  score  was c a lc u la te d  and p resen ted  in  Table XXII. 
The mean c o lo r  sco res  ranged from 1.1 f o r  th e  c o n tro l which d id  no t 
c o n ta in  s u l f i t e ,  t o  2 .0  f o r  th e  fo rm ula H a t  th e  s u l f i t e  le v e l  of 
2500 ppm. The r e la t io n s h ip  o f s u l f i t e  trea tm en t w ith  th e  mean co lo r 
sco re  i s  p resen ted  in  F igu re  8 .
I t  was concluded from an a n a ly s is  o f v a rian ce  (Table XXIII) th a t
th e re  was h ig h ly  s ig n i f ic a n t  d if fe re n c e  between th e  c o lo r  o f th e  breaded
f r i e d  chicken of th e  d i f f e r e n t  l e v e ls  o f s u l f i t e  trea tm en t ( P ^ 0 . 01) .
The F value  was 3 7 .8 . The c r i t i c a l  v a lu es  a t  d . f .  3/27 w ere 'F  = 2.96• up
and F ^  = 4 .6 .  T his in d ic a te d  th a t  th e  i n i t i a l  2500 ppm s u l f i t e  t r e a t ­
ment r e s u l te d  in  a  h ig h ly  s ig n i f ic a n t  l i g h t e r  co lo red  product than  those  
w ithout th e  s u l f i t e  tre a tm e n t. The mean c o lo r  sco re  f o r  th e  2500 ppm 
s u l f i t e  trea tm en t was 2 . 8 , and th e  mean c o lo r  score  f o r  th e  product w ith­
out th e  b u tte rm ilk  and s u l f i t e  tre a tm e n ts  was 2 .8 5 . The p e r fe c t  golden 
brown product would rec e iv e  a  mean sco re  o f 3*0 .
I t  was concluded, however, th a t  th e  a d d it io n  of 2500 ppm of s u l f i t e  
i n i t i a l l y  in  th e  20ft) b u tte rm ilk  s o l id s  b a t t e r  form ula was s u f f ic ie n t  to  
produce a  good golden brown breaded f r i e d  chicken which w i l l  be more 
accep tab le  to  th e  consumers th an  th o se  w ithou t th e  s u l f i t e  tre a tm e n t.
The mean score  f o r  each judge in  t h i s  ca teg o ry  was c a lc u la te d  and 
p resen ted  in  th e  in c re a s in g  o rd e r from 1 .5  to  2 . 25 :
Mean Score 1 .5  » 2 , 2,25
Judge Number 5, 6 1 , 7 , 8 , 10 2 , 4 , 5 , 9
Two judges had mean sc o re s  o f 1 .5 , fo u r  judges had mean sco res  of 
2 , and an o th e r fo u r  judges had mean sco res  o f 2 . 25 .
The c a lc u la te d  F va lue  f o r  judges was 2 .25  which was s ig n if ic a n t  
(P a  0 .0 5 ) . The c r i t i c a l  v a lu e s  a t  d . f .  9/27 were F a  2 .25 and
•u?
F .01 =  5 * 1 5 ,
The Mechanism o f S u l f i te  I n h ib i t io n
Sodium m e ta b is u lf i te  w i l l  form two m olecules of sodium b i s u l f i t e  
i n  th e  presence of w a te r . The s u l f i t e  a n d /o r  b i s u l f i t e  ion  rea c te d  and 
combined w ith  sim ple sugar m olecules making them u n a v a ila b le  f o r  th e  
nonenzymatic sugar-am ino browning r e a c t io n s .  The s u l f i t e  re a c tio n s  can 
be shown a s  in  th e  fo llo w in g :
NagSgOjj + HgO  ----2 NaHSOj
. . .
SOjNa
glucose sodium c * -  hydroxy su lfo n a te
b i s u l f i t e
According to  McWeeny e t  a l . ,  (1974), th e  s u l f i t e  can p a r t ic ip a te  
w ith  carb o n y lic  in te rm e d ia te s  in  a  number of q u ite  d i s t in c t  chemical 
r e a c t io n  and se v e ra l o f th e se  a re  eq u ilib riu m  re a c t io n s :
Reducing sugar v  Sugar hydroxysu lfonate
Simple carbonyl -■ 1 >k- Carbonyl hydroxysulfonate
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D icarbonyl d i-h y d ro x y su lfo n a te
^  S u lfonated  carbonyl
~  ?
?
I t  i s  a ls o  no ted  th a t  once th e  pigment has been formed i t  can be 
a t  l e a s t  p a r t i a l l y  b leached by th e  a d d it io n  o f s u l f i t e ,  th e re b y , e f fe c ­
t in g  a  red u c tio n  in  c o lo r  i n te n s i t y .
Some of th e  s u l f i t e  was undoubtedly  l o s t  d u rin g  b lanch ing  a t  395°!' 
f o r  20 sec  and d u rin g  d e e p -fa t f r y in g  a t  360°F f o r  6 min. T h ere fo re , 
th e  a c tu a l  e f f e c t iv e  amount o f s u l f i t e  i n  in h ib i t in g  nonenzymatic 
browning re a c tio n s  in  th e  breaded f r i e d  ch icken was d e f in i te ly  low er 
th an  th e  2500 ppm. Due to  th e  n a tu re  o f th e  p ro ce ss in g  p rocedure , i t  
was n ecessa ry  to  in c lu d e  a  r e l a t i v e ly  h igh  le v e l  o f s u l f i t e  i n i t i a l l y  
to  e f f e c t iv e ly  in h ib i t  th e  browning r e a c t io n s .
. In  b e e f , and a ls o  p o u ltry  m eat, th e  a c id i ty  o f th e  meat could be 
low ered to  pH 5*3 w ithou t th e  t a s t e  b e in g  o b je c tio n a b le  to  most person ; 
w hile ren d e rin g  a  good c o lo r  o f th e  p ro d u c t. The 2500 ppm.is a  to le r a b le  
le v e l  o f S0g in  a  cooked b eef (Borgstrom , 1968).
The s u l f i t e  le v e l  was re p o r te d  to  be up to  3000 ppm in  d r ie d  f r u i t s ,  
bu t l e s s  in  dehydrated v eg e tab le s  which would lo o se  90% of th e  s u l f i t e  
d u rin g  cooking.
S u lf i te  above 0.01M was re p o rte d  to  be o rg a n o le p tic a lly  d e te c te d  
in  cooked p o ta to . At 1 ppm th e  s u l f i t e  would dep ress  phenolase a c t i v i t y ,  
and a t  10 ppm, th e  phenolase was in a c t iv a te d  (H u rs t, 1972 and Borgstrom , 
1968).
D i-carbonyl -
-U n sa tu ra ted  carbonyl ------
Pigment ( "M elanoidins") \  — •
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Rate o f Nonenzymatic Browning R eac tions in  Aqueous S o lu tio n s  
The development of brown pigm ents i n  th e  aqueous so lu tio n s  g lucose- 
ly s in e  (5%), g a la c to se - ly s in e  (5%), la c to s e - ly s in e  (5%)» la c to s e - ly s in e  
(1%), la c to se -g lu ta m ic  a c id  (1%), g lu c o se - ly s in e  (1%), and g a la c to se -  
ly s in e  (1%) were s tu d ie d  ty  m easuring th e  i n te n s i t y  of th e  co lo red  p ig ­
ments b e in g  formed a t  d i f f e r e n t  pH, d i f f e r e n t  tem p era tu re s , and a t  
c e r ta in  in te r v a l s .
The g re a te r  th e  in te n s i ty  o f th e  brown pigm ents, th e  g r e a te r  i s  
th e  l i g h t  absorbance and consequently  th e  low er i s  th e  l ig h t  t r a n s ­
m itta n c e . The l i g h t  tra n sm itta n c e  was measured a t  420mu u s in g  a  spec­
tro p h o to m ete r, and a  w ater b lank a t  100% re a d in g .
The r a t e  o f brown pigments produced was re p re se n te d  by th e  graph 
o f th e  p e rcen t lo s s  o f l ig h t  tra n sm itta n c e  v e rsu s  tim e . F igu re  9 re ­
p resen ted  th e  r a te  o f nonenzymatic browning re a c t io n s  o f g lu co se , ga lao - 
to s e ,  and la c to s e  w ith  ly s in e  a t  5% c o n c e n tra tio n , pH 6 .0 , and a t  27°C. 
O bviously, from the  graphs, the  r e l a t i v e  r a t e s  o f nonenzymatic browning 
re a c t io n s  between th e  sugars and ly s in e  were g a la c to s e ^  g lucose ^  
l a c to s e .  The p e rcen t l i g h t  tra n sm itta n c e  o f th e  g a la c to se  system  was 
reduced to  51% in  50 days, 59*5% f o r  th e  g lu co se , and 90% ?ox  th e  la c to s e  
s o lu tio n s  d u rin g  th e  same p e rio d . I f  th e  r a t e s  a t  th e  s t r a ig h t  p a r t  of 
th e  curves were considered  by c a lc u la t in g  th e  slope  of each l i n e ,  the  
r e l a t i v e  r a t e s  were 1 .8 , 1 .5 , and O.36  f o r  g a la c to s e , g lu co se , and la c ­
to s e ,  re s p e c t iv e ly . I t  exp lained  th a t  th e  p e rcen t lo s s  o f l i g h t  t r a n s ­
m ittance  from th e  g a la c to se - ly s in e  s o lu t io n  p e r  day was 1 .8 , and so f o r th .
The g en era l tendency of th e  cu rves to  f l a t e n  a f t e r  th e  20-day 
p e rio d  was q u ite  obvious. I t  in d ic a te d  th a t  th e  r a t e  o f th e  nonenzymatic 
re a c t io n s  began to  slow down a f t e r  th e  20-day p e rio d  a t  27°C due to  th e
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F igu re  10. P e rcen t l i g h t  tra n sm itta n c e  vs tim e (weeks) a s  a  fu n c tio n  
o f tem p era tu re  in  *\% aqueous so lu tio n s  a t  pH 5*5 and 5*5
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d ecreasin g  amounts of r e a c ta n ts , namely; th e  amino and carbonyl groups, 
and a ls o  th e  in c re ased  amount o f pigm ents be ing  form ed.
F igure  10 rep re se n te d  th e  r a t e s  o f nonenzym atic re a c tio n s  f o r  th e  
la c to s e - ly s in e  s o lu tio n  (1% c o n ce n tra tio n  and pH 5»5) and th e  la c to s e -  
g lum atic  ac id  so lu tio n  (1% c o n c e n tra tio n  and pH 3*5) a t  4 .4  and 27°C.
The r e la t iv e  r a te s  o f browning were f a s t e r  a t  27°C th an  a t  4 .4°C . The 
s lo p es f o r  th e  s t r a ig h t  p a r t  o f th e  l in e s  were 0.014 and 0.214 f o r  th e  
la c to s e - ly s in e  a t  4 .4  and 27°C, r e s p e c t iv e ly .  The la c to se -g lu ta m ic  
slo p es were 0.021 a t  4*4°C and 0.257 a t  27°C. The r a t e s  were c a lc u la te d  
from th e  percen t lo s s  o f l i g h t  tra n sm itta n c e  p e r day.
The tendency of th e  cu rves to  f l a t e n  a f t e r  th e  20-day p e rio d  was 
n o ted , p a r t i c u la r ly  a t  th e  27°C s to ra g e .
The la c to se -g lu ta m ic  a c id  s o lu t io n  showed a  g re a te r  r a te  o f browning 
th an  th e  la c to s e - ly s in e  s o lu t io n ,  and o f course a t  two d i f f e r e n t  pH 's 
(com parative slo p es were 0 .021 /0 .014  and 0 .257/0 .214  a t  4*4 and 27°C, 
r e s p e c t iv e ly ) .  G en era lly , however, th e  low er th e  pH th e  f a s t e r  i s  th e  
browning r a te  between th e  amino and carbonyl g roups, c a ta ly se d  by th e  
a c id . The aminocarbonyl r e a c t io n  i s  much more fav o ra b le  in  th e  a lk a lin e  
c o n d itio n s  accompanied by s tro n g -b ase  c a ta ly s i s .
Free g lum atic  ac id  i s  p re se n t in  a  g re a te r  percen tage  th an  th e  
o th e r  amino a c id s  in  th e  amino a c id  co n ten t o f  th e  f r e s h  chicken meat 
(Mountney, 1966), 3«76 u m ole/g  in  th e  th ig h  and 1.44 u  m ole/g in  the  
b r e a s t .  Free ly s in e  co n ten t i s  1.41 and 0.78 u m ole/g , re s p e c t iv e ly . 
According to  Hlynka ( 1964) ,  th e  wheat f lo u r  p ro te in  con ta ined  20.53% 
glum atic  ac id  and 2.49% ly s in e .  Webb (1965) re p o rte d  th a t  c ase in  con­
ta in e d  22.4% glum atic  a c id  and 8.2?d ly s in e .  Q u a n tita t iv e ly , th e  la c to s e -  
g lutam ic a c id  rep re se n te d  a m ajor r e a c t io n  in  th e  b u tte rm ilk  b a tte re d
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and breaded f r i e d  ch icken .
R e la tiv e  percen tage  o f some amino a c id s  in  c a se in  were g lu tam ic 
ac id  (22.4% ), p ro lin e  (10.6% ), le u c in e  (9.2% ), ly s in e  (8.2% ), v a lin e  
(7.2% ), a s p a r t ic  a c id  (7.1%)» s e r in e  and ty ro s in e  (6.3%) each , is o le u ­
c ine  (6.1% ), pheny la lan ine  (5.0% ), and th e  r e s t  were below 5%. In  wheat 
f lo u r  p ro te in  th e  r e l a t i v e  p e rcen tag es were g lu tam ic a c id  (20.53%)* pro­
l in e  (8.9% ), a rg in in e  (7.64%)* leu c in e  (4.66% ), s e r in e  (4.53%)* g ly c in e  
(3.76% ), v a lin e  (3*39%)* h i s t id in e  (3*18%)* and th e  r e s t  were below 3% 
( ly s in e  2.49%).
F igure  11 re p re se n te d  th e  browning r a t e  o f g a la c to s e - ly s in e  and 
g lu co se -ly s in e  s o lu t io n s ,  a t  1% c o n c e n tra tio n , pH 4 .0 ,  and a t  4*4 and 
27°C. The browning r a t e s  seemed to  be much f a s t e r  in  th e  f i r s t  week 
f o r  bo th  so lu tio n s  a t  27°C, th e n  th e  r a t e s  slowed down n o tic e a b ly . The 
slo p es  f o r  th e  f i r s t  week were 2.571 and 2.643 f o r  g a la c to se  and g lu co se , 
re s p e c t iv e ly . They were q u ite  c lo se  to  one a n o th e r . T h e re a f te r , the  
r e l a t iv e  s lo p e s  were O.429 and 0.371* re s p e c t iv e ly .  At 4«4°C th e  
r e l a t iv e  s lo p es  were 0.143 and 0.114 f o r  g a la c to se  and g lu co se , respec­
t i v e l y .  »
At 5% c o n c e n tra tio n , pH 6 .0 ,  and 27°C th e  g a la c to se - ly s in e  s o lu tio n  
reduced th e  l ig h t  tra n s m itta n c e  to  51% in  30 days; a t  1% c o n c e n tra tio n , 
pH 4 .0 ,  th e  l i g h t  tra n sm itta n c e  was reduced to  70% a f t e r  th e  same p e rio d . 
The g lu c o se - ly s in e  s o lu t io n  reduced th e  rea d in g  to  60% and 68% in  bo th  
in s ta n c e s , r e s p e c t iv e ly .  L a c to se - ly s in e  s o lu tio n  reduced th e  p e rcen t 
l i g h t  tra n sm itta n c e  to  90% a t  th e  5% c o n c e n tra tio n , pH 6 .0 , and 27°C 
a f t e r  th e  30-day  p e r io d , and only  to  97.5% rea d in g  f o r  th e  1% concen tra­
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G alac t os e - ly s in e 4 .4  C
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G lucose-ly sine
G a la c to se -ly s in e
27 C
TIME (weeks)
F igu re  11. P ercen t l i g h t  tra n sm itta n c e  vs tim e (weeks) a s  a  fu n c tio n  
of tem pera tu re  i n  1% aqueous so lu tio n s  a t  pH 4*0
83
Rate o f Nonenzymatic Browning R eactions in  Model Food Svstema
In  o rd e r to  in v e s tig a te  f u r th e r  th e  r a t e s  o f nonenzym atic browning 
re a c t io n s  in v o lv in g  carbonyl and amino groups, in  a  food , s ix  form ula­
t io n s  o f in te rm e d ia te  m oisture  food system s were p rep a red . Each form ula 
con ta ined  one type o f su g ar, e i th e r  g lu co se , g a la c to s e , o r la c to s e .  The 
sugar was th e  source o f  carbonyl, groups were p rovided  by th e  amino a c id s  
from c a se in . O ther in g re d ie n ts  inc luded  potassium  so rb a te , g ly c e ro l, 
m ic ro c ry s ta l l in e  c e l lu lo s e ,  and w ater. The fu n c tio n  o f each in g re d ie n t 
in  th e  model food system  was explained  p re v io u s ly . T ables I I  and I I I  
showed th e  amount of each in g re d ie n t in  th e  model system s. The two 
le v e ls  of i n i t i a l  m oistu re  con ten t were 46 .2  and 40%. The i n i t i a l  r a t i o s  
of sugar to  p ro te in  by weight were 1;3 and 1 :2 . The form er r a t i o  was 
a sso c ia te d  w ith  th e  46.2% m oistu re  c o n te n t, and th e  l a t e r  w ith  th e  40% 
le v e l •
Samples were tak en  a t  re g u la r  i n te r v a l s ,  and th e  brown pigm ents 
were e x tra c te d  and measured f o r  t h e i r  l ig h t  absorbance (o r  tra n sm itta n c e )  
a t  42mu. The r e s u l t s  were p resen ted  in  F igu re  12, The r a t e  o f brown 
pigm ents b e in g  formed was r e f le c te d  by th e  d e c rea s in g  amount o f l i g h t  
tra n sm itta n c e  (o r  in c re a s in g  l ig h t  ab so rp tio n ) by th e  e x t r a c t s .  From 
th e  g raphs, i t  was no ted  th a t  th e  r e l a t iv e  r a t e s  o f nonenzym atic browning 
re a c t io n s  in  th e  model food system s were in  th e  o rd e r  o f g a la c to se  ^  
g lu c o s e ^  la c to s e .  The r a te s  a t  36°C were n o tic e a b ly  f a s t e r  th an  those  
a t  27°C. However, th e  same o rd e r of r e a c t i v i ty  was r e p l ic a te d  by th e  two 
tem p era tu re s .
The r e l a t i v e  r a t e s  of browning in  th e  in te rm e d ia te  m oistu re  model 
food system s were th e  same as in  th e  aqueous s o lu t io n s  a s  p rev io u s ly  
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F ig u re  12 . Brown pigment p ro d u c tio n  as a  fu n c tio n  of tim e (weeks) in  
model food system s a s  a  fu n c tio n  o f tem pera tu re
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in d u c tio n  f o r  th e  browning re a c t io n s  d u rin g  th e  f i r s t  week a t  27°C as 
w ell a s  a t  36°C sto rage*  T his phenomenon was in  agreement w ith  th e  
r e s u l t s  rep o rte d  by Warmbier e t  a l . ,  (1978)*
The slope  o f each graph a t  th e  s t r a ig h t  p o rtio n  o f th e  l in e s  was 
c a lc u la te d , and th ey  were 0 . 915» 0 *938 , and O.96O f o r  th e  la c to s e ,  g lu ­
co se , and g a la c to se  system s a t  27°C. At 56°C, th e  s lo p es  were 0*982 
( la c to s e ) ,  1*161 (g lu c o se ) , and 1*359 (g a la c to s e ) .  This exp la ined  th a t  
th e  r a t e  o f browning re a c tio n s  a s  r e f le c te d  by th e  pe rcen t lo s s  o f l i g h t  
tra n sm itta n c e  p e r  day was 1*359 f o r  th e  g a lac to se  system a t  56°C, and 
O.96O a t  27°C* These r a te s  were h e ld  t ru e  a t  l e a s t  du ring  th e  f i r s t  
f iv e  to  s ix  weeks o f th e  s to ra g e  p e rio d .
V isu a lly , d u rin g  th e  fo u r th  week c o lo r  changes were n o tic e a b le  in  
th e  system s c o n ta in in g  g a la c to se  and g lu co se . Brown pigment accumula­
t io n  was very  d i s t i n c t  in  th e  g a la c to se  system . T h is ,waB observed a t  
bo th  le v e ls  o f s to ra g e  tem p era tu re s . Q u a lita tiv e  t e s t s  f o r  carb o n y ls , 
f u r f u r a l s ,  and Amadori rearrangem ent p roducts  gave p o s it iv e  r e s u l t s .
By th e  second month a t  36°C, th e  g lucose system  showed dark c o lo r  
fo rm a tio n . The g a la c to se  system  was a lre a d y  too  dark  in  c o lo r , an 
in d ic a t iv e  o f f a s t e r  browning a c t i v i t i e s  th an  th e  glucose system . This 
was proved by th e  l i g h t  tra n sm itta n c e  t e s t  o f t h e i r  e x tr a c ts  (see  F igure  
1 1 ).
In  th e  f i f t h  week, sam ples which were s to re d  a t  27°C showed l i t t l e  
c o lo r  d i f f e r e n t i a t i o n  by th e  naked eye. The la c to s e  system  had only 
changed to  y e llo w ish  cream in  c o lo r . However, th e  la c to s e  system  a t  
36°C showed a d a rk e r  c o lo r  th an  th e  one a t  27°C.
For th e  d i f f e r e n t  w ater a c t iv i t y  tre a tm e n t, a t  27°C, th e  r e l a t iv e  
o rd e r  of browning was observed to  be g a la c to se  ^  glucose ^  la c to s e
06
in  each le v e l  of th e  w ater a c t i v i t y  s to ra g e .
■Analysis of Sugar Content by Gas Chromatography
Standard peaks f o r  g lu co se , g a la c to s e , and la c to s e . For th e  purpose 
of t h i s  in v e s tig a t io n  stan d ard  peaks were f i r s t  e s ta b lis h e d  f o r  each 
su g a r. The re te n tio n  tim e and th e  in te g ra te d  value f o r  each peak were 
ob tained  by d e r iv a t iz in g  10 mg of known pure sugar samples in  1 ml of 
th e  TRI-SIL-Z re a g e n t. G alactose  and g lucose were d isso lv e d  in  f iv e  min, 
bu t la c to s e  powder took  f i f t e e n  min to  d is so lv e  com pletely  and th u s 
d e r iv a tiz e d  by the  s i l y l a t i o n  p ro c e ss . A f te r  d is s o lv in g , 0 .5  u l o f th e  
m ixture was in je c te d  d i r e c t ly  in to  th e  gas chrom atograph. The r e s u l t s  
were d u p lic a te d  in  F ig u re s  13* 14* and 15»
The r e la t iv e  r e te n t io n  tim e f o r  th e  sugars  was found to  be 5 
f o r  o(-glucose, 10 min f o r  ^ - g lu c o s e ,  9 min f o r  g a la c to se , and 38*5 min 
f o r  la c to s e .  I t  was observed th a t  i t  was n ecessa ry  to  double th e  amount 
of la c to s e  m ixture to  1 u l  f o r  th e  in je c t io n  in to  th e  gas chromatograph 
in  o rd er to  get a  good r e p re s e n ta t io n  of i t s  peak on th e  c h a r t  p ap er. 
However, th e  in te g ra te d  value f o r  th e  peak, which was r e g is te r e d  by th e  
autom atic  in te g r a to r ,  a ls o  changed w ith  th e  same p ro p o rtio n .
I t  was a ls o  observed th a t  g a la c to se  and g lucose were d e te c te d  when 
th e  column tem perature was w ell w ith in  th e  range o f tem pera tu re  program­
in g  (170 -  240°c). However, due to  th e  le n g th  o f th e  r e te n t io n  tim e , 
la c to s e  was d e tec ted  when th e  column tem pera tu re  was a t  240°C, j u s t  a f t e r  
the  tem perature  programming ended. I t  was a ls o  lea rn ed  th a t  th e  c a r r i e r  
gas flow  m eter had to  be a d ju s te d  a s  th e  column tem pera tu re  reached over 
200°C d u rin g  th e  la c to s e  d e te rm in a tio n , in  o rd e r to  keep a  co n stan t 
c a r r i e r  gas flow  throughout th e  a n a ly s i s .  At h ig h e r  tem pera tu res th e




F ig u re  13. S tandard  peak f o r  g a la c to se
(R e ten tio n  tim e = 10 min) 
Beta-G lucose
(R e ten tio n  tim e = 5 min) 
Alpha-Glucose
TIME (min)
F ig u re  14* S tandard  peak f o r  g lucose
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(R e ten tio n  tim e = 38*9 min) 
L actose
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F ig u re  16 . C a lib ra tio n  curves f o r  re fe re n c e  sugars
VO
o
gas flow  seeded to  be reduced.
Sample -preparation  f o r  sugar d e te rm in a tio n . Samples from th e  
model food system s a t  d i f f e r e n t  tem pera tu re  s to ra g e , d i f f e r e n t  mois­
tu re  c o n te n t, and d i f f e r e n t  w ater a c t iv i t y  trea tm en t were tak en  a t  
r e g u la r  in te r v a l s  and analysed  f o r  t h e i r  sugar c o n te n t.
I t  was found to  be n ecessa ry  to  dry  th e  samples f i r s t  b e fo re  
th e  d e r iv a t iz a t io n  p ro cess  so th a t  a  good and rep ro d u c ib le  peak can be 
ob ta ined  on th e  c h a r t  p ap er. T here fo re , each sample was d r ie d  in  a 
vacuum oven a t  60°C (25mm Hg), f o r  16 h r .  This c o n d itio n  was kep t con­
s ta n t  f o r  a l l  sam ples in  o rd e r to  minimize v a r ia t io n  in  sample w eigh ts . 
Such v a r ia t io n  was minimized a n d /o r  e lim in a ted  by w eighing e x a c tly  th e  
same amount (0.1000g) o f d r ie d  sam ple, each tim e . Each sample was in ­
je c te d  a t  l e a s t  th re e  tim es in  o rd e r to  g e t th e  average in te g ra te d  
value f o r  i t s  peak and hence th e  amount o f sugar p re se n t i n  th e  sam ple.
The d if fe re n c e  in  sugar recovery  from th e  model food sam ples was 
a ls o  e lim in a te d  by ta k in g  th e  sample a t  zero  tim e as th e  re fe re n c e  f o r  
th e  in te g ra te d  value of th e  peak. The r e g is te r e d  in te g ra te d  value f o r  
each peak a t  th e  zero  tim e would re p re se n t a  10g sugar c o n te n t. There­
a f t e r ,  th e  in te g ra te d  v a lu es  were compared w ith  th e  re fe re n c e  v a lu e , 
u s in g  th e  slope  f a c to r  from F igu re  16.
The slope  f a c to r  was c a lc u la te d  as th e  g o f sugar p e r  each u n i t
o f th e  in te g ra te d  value f o r  each su g a r. The slope  f a c to r s  were 9999*6
— 1 —1(g a la c to s e ) ,  9997*8 (g lu c o se ) , 4973 ( l a c to s e ) .  The amount o f sugar
p re se n t in  each sample was ob ta ined  by m u ltip ly in g  th e  average in te ­
g ra te d  value  f o r  th e  peak w ith  th e  a p p ro p ria te  slope  f a c to r .
F ig u re  17 re p re se n te d  th e  r a te  o f sugar (g a la c to se , g lu co se , and 
la c to s e )  l o s t  from th e  model food system s which were s to re d  a t  27 and
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( i n i t i a l  su g a r :c a se in  (3 :3 )  








Figure 17. Reducing sugars loss rates as a function of temperature
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36°C, w ith  th e  i n i t i a l  m oistu re  con ten t o f 46.2% and th e  i n i t i a l  equi­
l ib r a te d  w ater a c t i v i t y  of 0 .5 2 . The i n i t i a l  w eight r a t i o  o f sugar 
t o  p ro te in  was 1 :3 . I t  was noted  th a t  th e  graphs seemed to  f l a t e n  a f t e r  
th e  f i r s t  month s c a le ,  p a r t i c u la r ly  so f o r  th e  36°C s to ra g e  tem p era tu re . 
The decrease  in  th e  r a t e  o f sugar lo s s  r e f le c te d  th e  decrease  in  th e  
r a t e  o f nonenzym atic browning re a c t io n s  a f t e r  th e  30-day p e r io d . The 
r e a c ta n ts  a v a ila b le  f o r  th e  M a illa rd  re a c t io n s  were a ls o  decreased  in  
t h e i r  c o n c e n tra tio n s , r e s u l t in g  in  reduced a c t i v i t i e s .  The r e l a t iv e  
r a t e s  of sugar lo s s  were in  th e  o rd e r o f g a la c to se  >  g lucose >  la c to s e .  
The lo s s  r a t e  a t  36°C was f a s t e r  th an  th a t  a t  27°C. T his o b se rv a tio n  
proved th e  r e s u l t s  which were ob tained  by m easuring th e  pigm ents b e in g  
formed in  th e  model food system s as w ell a s  in  th e  aqueous s o lu t io n s .
The slope  f o r  each graph was c a lc u la te d  a s  th e  g of sugar lo s s  
p e r  day, d u rin g  th e  f i r s t  30 days f o r  g a la c to se  and g lu co se . The p e rio d  
f o r  la c to s e  was extended to  60 days f o r  th e  36°C s to ra g e  and 90 days 
f o r  th e  27°C s to ra g e . The r e l a t iv e  slope  v a lu es  a t  27°C were 0.154 
(g a la c to s e ) ,  0.137  (g lu c o se ) , 0.056 ( la c to s e ) ,  and th e  v a lu es  a t  36°C 
were 0.241 (g a la c to s e ) ,  0.235 (g lu c o se ) , and 0.088 ( l a c to s e ) .
The r e s u l t s  in d ic a te d  th a t  th e  r a t e  o f nonenzym atic browning re ­
a c t io n s  were in c re a se d  by an average f a c to r  o f 1 .62 f o r  9°C in c re a se  o f 
s to ra g e  tem p era tu re . I t  was a ls o  noted  th a t  th e  c o n c e n tra tio n  o f prim ary 
r e a c ta n ts ,  namely th e  reducing  sugar and f r e e  amino groups, in flu e n ce d  
th e  r a t e  of nonenzym atic browning r e a c t io n s .  The r a te  was decreased  as 
th e  co n ce n tra tio n  o f th e  prim ary r e a c ta n ts  reduced to  l e s s  th an  one- 
t h i r d  of th e  o rg in a l amount. According to  Warmbier e t  a l . ,  (1976) th e  
r a t e  of nonenzym atic browning re a c t io n s  in  in te rm e d ia te  m o istu re  food was 
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F ig u re  18 . Reducing su g ars  lo s s  r a t e s  a s  a  fu n c tio n  of m oistu re  
co n ten t
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m o is tu re .
F ig u re  18 rep re se n te d  th e  r a t e  o f nonenzymatic browning re a c tio n s  
a t  two le v e ls  o f m oistu re  c o n te n t, namely 40 and 46 .2%, a t  27°C and 
w ater a c t i v i t y  aw 0 ,5 2 . The graphs in d ic a te d  th a t  g a lac to so  had f a s t e r  
r a t e  of browning th a n  th e  o th e r  two sugars a t  bo th  m oisture le v e ls .  
However, th e  r a t e  o f g a lac to se  lo s s  a t  40% m oistu re  seemed to  be a  
l i t t l e  h ig h e r th an  th a t  a t  46 . 2% m o is tu re , w ith  th e  re sp e c tiv e  slope 
value of 0.159 aad 0 .154 i a  d if fe re n c e  of 0 .0 5 . T h e o re tic a lly , th e  
r a t e  should  be h ig h e r  a t  th e  h ig h e r m oisture  c o n te n t. Follow ing th e  
Brunnauer, Emmett, and T e l le r  (B .E .T .) theory  o f monomolecular la y e r  of 
adsorbed w a te r, an in c re a se d  in  m oistu re  co n ten t would in c re a se  th e  r a te  
o f chem ical d eg rad a tio n  and th u s  th e  in c re a se  in  browning re a c tio n s  r a t e .  
In  food system s even th e  m oistu re  con ten t i s  d ecreased , th e  browning r a te  
could s t i l l  be in c re ased  due to  th e  l i p i d  o x id a tio n .
The s lo p e s  f o r  g lucose and la c to s e  in d ic a te d  an in c reased  nonenzy­
m atic  browning r e a c t io n  a t  th e  46 . 2% m oistu re  th an  a t  40% m oisture  con­
t e n t .  The c a lc u la te d  slope  v a lu es were 0.116 and 0.053 f o r  g lucose and 
la c to s e ,  r e s p e c t iv e ly ,  a t  40% m oistu re  c o n te n t. The value in c reased  
to  0.137 and 0 .056 , r e s p e c t iv e ly , a t  46 . 2% m oistu re  c o n te n t. The d is ­
crepancy in  g a la c to se  r a t e  was p robably  due to  in d iv id u a l e r ro r  du ring  
sam pling. I t  should be no ted  a ls o  th a t  th e  i n i t i a l  weight r a t i o  of 
sugar to  p ro te in  was 1:2  f o r  th e  40% m oistu re  c o n te n t, and 1 :3  f o r  th e  
46.2% m oistu re  c o n te n t.
I t  i s  a ls o  i n te r e s t i n g  to  n o te  th a t  th e  g ly c e ro l be ing  a  l iq u id  
i t  has w a te r - l ik e  p ro p e r t ie s  and th u s  i t  in c re a s e s  re a c ta n t  m o b ility  
an d /o r s o l u b i l i t y .  However, a t  a  h ig h e r w a ter a c t i v i t y ,  th e  g ly ce ro l 
was re p o rte d  to  decrease  th e  r a te  o f nonenzym atic browning re a c t io n  in
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th e  model food system  (Warmbier e t  a l . ,  1976),
At h igh  m oistu re  co n ten t and th u s  h ig h  w ater a c t iv i t y ,  th e  r a te  
o f nonenzymatic browning re a c t io n  could a ls o  decrease  due to  d i lu t io n  
of th e  r e a c t in g  su b s ta n c es . The d i lu t io n  e f f e c t  could have been p a r­
t i a l l y  encountered in  th e  case o f g a la c to se  system s a s  describ ed  e a r l i e r .  
C onsidering  th e  B .E .T . monomolecular la y e r ,  th e  d i lu t io n  e f f e c t ,  and 
th e  r e a c ta n t  m o b ili ty , i t  should  a ls o  be no ted  th a t  th e  d if fu s io n  of 
s o lu te s  can only tak e  p lace  a t  th e  w ater co n ten t above th e  monomolecular 
la y e r  va lue on th e  m oistu re  s o rp tio n  iso therm  which i s  a  p lo t  o f mois­
tu re  con ten t v e rsu s r e l a t iv e  hum id ity . The B .E .T . monolayer value f o r  
precooked and dehydrated  chicken meat was rep o rte d  to  be 5»48 (Koch, 
1962). However, browning can develop even below t h i s  m oisture le v e l  to  
some e x te n t.
During th e  p ro cess  o f browning up to  3»5 mole o f w ater i s  be ing  
formed p e r  mole o f su g a r. The w ater causes a  slow ing of th e  condensa­
t io n  s ta g e s  in  th e  browning r e a c t io n s ,  due to  th e  law of mass a c tio n  
(E ichner and K a re l, 1972).
E ffe c t o f w ater a c t i v i t y  on th e  nonenzym atic browning r e a c t io n s ;
The e f f e c t  o f w ater a c t i v i t y  on th e  r a t e  o f browning in  th e  in te rm e d ia te  
m oistu re  model food system  a t  27°C was s tu d ie d . The w ater a c t iv i t y  
le v e ls  b e ing  used were 0 .5 2 , 0 .6 2 , 0 .75 and 0 .8 4 . The r e s u l t s  a re  
p resen ted  in  F ig u re s  19, 20, 21, and 22, r e s p e c t iv e ly .  The i n i t i a l  
m oist tire con ten t was 40?o and th e  i n i t i a l  weight r a t i o  of sugar to  p ro te in  
was 1 :2 .
The r e la t iv e  r a t e  o f nonenzym atic browning re a c t io n s  o f th e  th re e  
sugars w ith  ca se in  was in  th e  o rd e r o f g a la c to se  ^  g lucose ^  and 
la c to s e .  The same o rd e r was observed in  a l l  l e v e ls  o f w ater a c t iv i t y
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. I n i t i a l  su g a r :c a se in  (1 :2 )  







Figure 19* Reducing sugars loss rates at aw 0.92
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Figure 20. Reducing sugars loss rates at aw 0,62
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Figure 21 • Reducing sugars loss rates at a 0.73w
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tre a tm e n t. The graphs f o r  g a la c to se  and g lucose showed th e  g en era l te n ­
dency to  f l a t e n  a f t e r  th e  s ix  weeks s c a le ,  meaning th a t  th e  r a te  o f 
browning began to  decrease  due to  th e  d e c rea s in g  co n ce n tra tio n  o f th e  
prim ary re a c ta n ts  namely red u c in g  sugar and amino groups.
The s lo p es  o f th e  graphs were c a lc u la te d  a s  th e  g o f sugar l o s t  
p e r  day d u rin g  th e  f i r s t  JO days f o r  g a la c to se  and g lu co se . The p e rio d  
was extended to  90 days f o r  la c to s e .  At th e  w ater a c t i v i t y  o f 0 .5 2 , 
th e  s lo p e s  were 0.159 (g a la c to s e ) ,  0.116  (g lu c o se ) , and 0.053  ( l a c to s e ) .  
At th e  w ater a c t i v i t y  o f 6 .2 , th e  s lo p e s  were 0.165 (g a la c to s e ) ,  0.131 
(g lu c o se ) , 0.061 ( l a c to s e ) .  At th e  w a ter a c t i v i t y  of 0 .7 5 , th ey  were 
0.157 (g a la c to s e ) ,  0.119 (g lu c o se ) , and 0.054 ( l a c to s e ) .  F in a l ly ,  a t  
th e  w ater a c t i v i t y  o f 0 .8 4 , th e  s lo p e s  were 0.175 (g a la c to s e ) ,  0 .1 36 
(g lu c o se ) , and 0 .25  ( l a c to s e ) .
The g a la c to se  lo s s  r a t e  was th e  f a s t e s t  a t  th e  w ater a c t iv i t y  o f 
0.84 (0 .175) fo llow ed by tre a tm e n ts  0 .62  (0 .1 6 5 ) , 0.52  (0.159)» and
0.75 (0 .1 5 7 ) .
The g lucose lo s s  r a te  was th e  f a s t e s t  a t  th e  w ater a c t i v i t y  of 
0 .84 (0 .1 3 6 ) , fo llow ed  by tre a tm e n ts  0 .62  (0 .1 3 1 ) , 0 .75 (0.119)» and 
0.52  (0 . 116) .
The la c to s e  lo s s  r a t e  was th e  f a s t e s t  a t  th e  w ater a c t i v i t y  o f 
0 .62  (0 .0 6 1 ) , fo llow ed by tre a tm e n ts  0 .75  ( 0 . 054)» 0.52  ( 0 . 053) ,  and 
0.84 (0 .0 2 5 ) .
The average lo s s  r a t e  o f g a la c to se  and g lucose combined gave the 
fo llo w in g  v a lu es in  d e c rea s in g  r a t e  o rd e r: 0.84 (0 .1 56) ,  0 .62 (0 .1 4 8 ), 
and 0 .75 w ith  0.52 (0 .1 3 8 ) . The d if fe re n c e  in  slope  value  between 
trea tm e n t 0.84 and 0 .62 was l e s s  th an  5 .5 ^ .










0.620 .52 0.75 0.04
F ig u re  25 . Reducing sug ars  rem aining  a t  f o u r  a  l e v e ls  a f t e r  5-month 
s to ra g e  a t  27 C w
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in c re a se  va lue  of w ater a c t iv i t y .  The r a te  was a t  maximum a t  th e  w ater 
a c t i v i t y  o f 0.84 f o r  g a la c to se  and g lucose; h u t ,  f o r  la c to s e  th e  maxi­
mum r a t e  o f browning was a t  th e  w ater a c t i v i t y  o f 0 ,6 2 . Warmbier e t  a l . ,  
(1976) re p o rte d  a  maximum r a te  o f nonenzym atic browning re a c t io n s  w ith in  
th e  w ater a c t iv i t y  range of 0 .6  to  0 .8 ,  and th e  r a t e  v a r ia t io n  was l e s s  
th an  10% w ith in  th e  w ater a c t iv i t y  range of 0.52  to  0 .6 0 .
F igu re  23 re p re se n te d  th e  amount of each sugar l e f t  i n  th e  model 
food system s a f t e r  th re e  months s to ra g e  a t  27°C a s  a f fe c te d  by th e  
d i f f e r e n t  le v e ls  of w ater a c t i v i t y  tre a tm e n t. G en era lly , about 88% 
to  90% of th e  g a la c to se  and g lucose had been used up in  th e  nonenzymatic 
browning r e a c t io n s .  The u t i l i z a t i o n  o f la c to s e ,  a t  th e  m ost, was about 
55% a t  th e  w ater a c t i v i t y  of 0 .6 2 .
Based on th e  gas chrom atographic a n a ly s is  and th e  s e n s i t iv i t y  of 
th e  re c o rd e r  b e in g  u sed , i t  was observed th a t  th e re  has been no de tec ­
ta b le  d eg rad a tio n  o f la c to s e  to  g lucose and g a la c to se  p e r  se in  th e  
in te rm e d ia te  m o istu re  model food system , a t  l e a s t  up to  90 days a t  3^°C. 
There was on ly  one peak be ing  recorded  on th e  c h a r t  p aper f o r  every  la c ­
to se -b ase d  model food fo rm ula , However, th e  la c to s e  d eg rad a tio n  might 
have had tak en  p lace  to  some deg ree , and th e  more r e a c t iv e  p ro d u cts  had 
a lre a d y  p a r t ic ip a te d  in  th e  nonenzym atic browning r e a c t io n s  r e s u l t in g  
in  th e  fo rm ation  o f brown pigm ents, th e  m elano id in s.
The p o s s ib i l i ty  o f some la c to s e  d eg rad a tio n  in  th e  breaded f r i e d  
chicken should  no t be t o t a l l y  ig n o red . The 20% b u tte rm ilk  s o l id s  b a t t e r  
form ula con ta ined  8% la c to s e ,  and th e  f i n a l  p ro d u cts  rec e iv e d  a  mean 
c o lo r  score  o f 1 .15 whereby a c o lo r  score  of 1 would in d ic a te  a  c o lo r  
o f th e  p roducts  which was too  d a rk . A ccording to  Aurand and Woods 
(1975)* 0 ( - la c to s e  caram elizes a t  160-180°C and i t  m elts  w ith  m olecu lar
decom position a t  202°C. D uring p ro ce ss in g , th e  b u tte rm ilk -b a tte re d  and 
breaded chicken p a r t s  were blanched in  d e e p -fa t  a t  201,6°C (395°F) f o r  
20 s e c . Taking in to  c o n s id e ra tio n  th a t  th e  tem perature v a r ia t io n  of 
th e  cooking o i l  was ±  1°C, th en  th e  a c tu a l  b lanch ing  tem perature had 
reached 202°C. T h ere fo re , th e  la c to s e  in  th e  c o a tin g  m a te ria l was sub­
je c te d  to  m olecular frag m en ta tio n  and p o ss ib ly  th e  a c tu a l deg radation  
of th e  la c to s e  m olecu les, p a r t i c u la r ly  th e  a lp h a  form , to  g a lac to se  and 
g lucose and e v e n tu a lly  to  some o th e r  r e a c t iv e  components such a s  f u r ­
f u r a l  a lc o h o l, f u r f u r a l , hydroxymethyl f u r f u r a l ,  and aldehyde derived  
from th e  g lucose p o r t io n  (Jenness and P a tto n , 1959» and Adachi, 1959).
The breaded chicken p a r t s ,  however, d id  no t show dark c o lo r  fo rm ation  
a f t e r  th e  b lanch ing  p ro cess  a s  w ell a s  a f t e r  th e  fro zen  s to rage  p e rio d .
I t  was b e liev e d  th a t  up to  t h i s  p ro ce ss in g  s tag e  th e  p roduction  and 
accum ulation  of browning in te rm e d ia te s , p a r t i c u la r ly  in  th e  s k in -b a t te r  
complex, had taken  p lace  to  some e x te n t .  Brown pigment was not y e t 
produced in  q u a n ti ta t iv e  amount. D uring th e  f i n a l  d e e p -fa t f ry in g  .pro­
cess a t  182.2°C (360°?) f o r '6 min, th e  fo rm atio n  of dark co lored  pigm ents 
became most e v id e n t.
The r e s u l t s  suggested  th a t  th e  tem pera tu re  of f ry in g  a c tiv a te d  
th e  fo u r  ty p es  of nonenzym atic browning re a c t io n s ,  p a r t i c u la r ly  th e  
c a ra m e liz a tio n  which became more p re v a le n t d u rin g  th e  f ry in g  p ro ce ss .
The l a c t i c  a c id  presence in  th e  b a t t e r  form ula promoted th e  caram eliza­
t io n  p ro cess  by reduc ing  i t s  a c t iv a t io n  energy requ irem ent. The sugar 
a c id  r e a c t io n  and o x id a tio n  re a c t io n  (o f  l i p i d s  and phospho lip ids) ao- 
t i v i t e s  were evidenced by th e  low er pH va lue  of th e  s k in -b a t te r  complex 
a f t e r  th e  f i n a l  f ry in g  p ro c e ss . I t  was b e lie v e d  th a t  th e  c a ram e liza tio n  
p ro cess  accen tu a ted  th e  e f f e c t s  o f th e  M a illa rd  r e a c t io n , sugar a c id
r e a c t io n ,  and l i p i d  and phosp h o lip id s  o x id a tio n  in  c o n tr ib u tin g  to  th e  
fo rm ation  of brown pigments in  th e  b u tte rm ilk -b a tte re d  and breaded 
f r i e d  chicken.
However, th e  fo rm ation  o f dark  co lo red  pigm ents in  th e  f i n i s h  pro­
d u c ts  through nonenzymatic browning re a c tio n s  was su c c e ss fu lly  in h ib i te d  
by th e  use of s u l f i t e  up to  2500 ppm in  th e  b a t t e r  m ix tu re .
SUMMARY AND CONCLUSIONS
Breaded f r i e d  chicken was p repared  acco rd ing  to  s p e c i f ic  commercial 
p rocedures to  study  th e  e f f e c t  o f v a r ia b le  amounts o f b u tte rm ilk  s o l id s  
in  th e  b a t t e r  form ula on th e  c o lo r  o f th e  f i n a l  p ro d u c ts . The procedure 
in c lu d e s  c u t t in g  th e  chicken in to  fo u r  p a r t s ,  namely; b r e a s t ,  th ig h , 
d rum stick , and wing. These p a r ts  were precooked by b o i l in g  in  w ater f o r  
15 niin. A fte r  d ra in in g  and c o o lin g  to  40°F (4«4°C), th e  chicken p a r ts  
were b a tte re d  w ith  th e  a p p ro p ria te  b a t t e r  m ixture c o n ta in in g  5, 10, 15 , 
and 20% b u tte rm ilk  powder. The c o n tro l b a t t e r  con ta ined  on ly  f lo u r .  The 
r a t i o  o f s o l id  to  w ater was 1 :1 .5 .  A f te r  b rea d in g  w ith  c ra ck e r crumbs, 
th e  breaded p a r ts  were blanched in  d e e p -fa t (soybean o i l )  a t  395°F 
(201 .6°C) f o r  20 sec  to  s t a b i l i z e  th e  c o a tin g  m a te r ia l f o r  easy  h a n d lin g . 
The p roducts were th en  se a le d  in  po lye thy lene  bags and fro ze n  s to re d  a t  
-4 °F  (-20°C) f o r  30 days. Follow ing th e  s to ra g e  p e rio d  th e  products were 
d e e p -fa t f r i e d  i n  soybean o i l  a t  360°F (182°C) f o r  6 min.
The r e s u l t s  le a d  to  th e  fo llo w in g  co n clu sio n s:
1• A ccording to  sensory  e v a lu a tio n  o f  c o lo r  i t  was concluded th a t  th e re  
was no s ig n i f ic a n t  d if fe re n c e  (p>0 . 05) i n  c o lo r  between th e  dark  ( th ig i )  
and w hite  (b re a s t)  p iec es  w ith in  th e  same trea tm en t a t  0 , 5» and 20% 
b u tte rm ilk  l e v e ls .  B ut, a t  10 and 15% le v e ls  th e  two ty p e s  o f meats 
d i f f e r  in  c o lo r  s ig n i f ic a n t ly  (p<0 . 05) ,  th e  dark  meat b e in g  d a rk e r in  
c o lo r  th a n  th e  w hite m eat.
2 . The a d d it io n  o f b u tte rm ilk  powder up to  20% in  th e  b a t t e r  m ixture 
r e s u l te d  in  a  dark  co lo red  breaded  f r i e d  chicken which was h ig h ly  s ig n i­
f i c a n t  ( f < 0 .01 ) th a n  th e  c o n tro l .  However, th e  20% b u tte rm ilk  trea tm en t 
gave h ig h e r  f i n a l  y ie ld ,  h ig h e r  m o istu re  c o n te n t, and a  h ig h e r  percen tage  
o f c ru s t  them th e  c o n tro l .  In  a d d it io n , i t  was noted  t h a t  th e  b u tte rm ilk
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s o l id s  im parted  a  c h a r a c te r i s t i c  'b u t t e r y ' f la v o r  which i s  a  d e s ira b le  
o rg an o le p tic  q u a l i ty  f o r  th e  breaded f r i e d  ch icken .
3 . The fo rm ation  o f dark  co lo red  p roducts in  th e  20% b u tte rm ilk  t r e a t ­
m ent, th rough  nonenzym atic browning r e a c t io n s ,  was su c c e s s fu lly  in h ib i­
te d  by th e  use  of s u l f i t e  i n  th e  form o f sodium m e ta b is u lf i te  up to  2300 
ppm i n i t i a l l y  i n  th e  b a t t e r  m ix tu re .
4* C onsidering  th e  p h y sic a l and chem ical changes i n  th e  s k in - b a t te r  com­
p le x , th e  c o n c e n tra tio n s  of prim ary  r e a c ta n ts ,  and th e  p ro ce ss in g  p a ra ­
m e te rs , i t  was concluded th a t  th e  M a illa rd  r e a c t io n ,  c a ram e liz a tio n , 
su g a r a c id  r e a c t io n ,  and re a c t io n s  in v o lv in g  l i p i d s  and phospho lip ids 
had p a r t ic ip a te d  in  th a t  o rd e r  to  some e x te n t le a d in g  to  th e  form ation  
o f browning in te rm e d ia te s  ( f u r f u r a l s  and o th e r  r e a c t iv e  compounds) in  th e  
s k in - b a t t e r  complex u n t i l  th e  tim e f o r  f i n a l  f r y in g  • During th e  d e e p -fa t 
f r y in g  th e  e f f e c t  o f h ig h  tem pera tu re  on th e  prim ary  re a c ta n ts  and brown­
in g  in te rm e d ia te s , became most im p o rtan t. I t  was concluded th a t  caramel­
i z a t io n  became most p re v a le n t d u rin g  th e  f i n a l  f r y in g  p ro cess ; and i t  
a cc en tu a ted  th e  e f f e c t s  o f th e  o th e r  th re e  ty p es  of nonenzymatic browning 
r e a c t io n s ,  p a r t i c u l a r ly  th e  M a illa rd  r e a c t io n ,  le a d in g  to  th e  fo rm ation  
o f dark  co lo red  breaded f r i e d  ch icken .
3* In  th e  in te rm e d ia te  m o istu re  model food  system s th e  r a t e  o f reducing  
su g a r r e a c t in g  w ith  c a se in  th rough  th e  M a illa rd  re a c t io n  was g a la c to s e ^  
g lu c o s e ^  l a c to s e .  The r a t e  o f red u c in g  su g a r lo s s  was f a s t e r  w ith  ga lao - 
to s e ,  fo llow ed  c lo s e ly  by g lu co se , and much slow er by la c to s e .  The same 
o rd e r  was rep e a te d  by th e  tem p era tu re , m o istu re  c o n te n t, and w ater a c t i ­
v i ty  t r e a tm e n ts . G en era lly , th e  browning r a t e  o f each red u c in g  su g ar w ith  
c a se in  was in c re a se d  by th e  in c re a s e  i n  tem p era tu re , m o istu re  c o n te n t, 
and w a te r a c t i v i t y .  However, g a la c to se  and g lucose in d ic a te d  f a s t e r  r a te s
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between 0*62 and 0 .84 ; bu t la c to s e  showed f a s t e r  browning r a te s  b e t­
ween aw 0.62 and 0*75* The r e l a t i v e  r a t e  o f red u c in g  su g a rs  r e a c t in g  
w ith  ly s in e  i n  aqueous so lu tio n s  was in  th e  o rd e r o f g a la c to s e ^  g lu co se^  
la c to se *  L actose  seemed to  r e a c t  w ith  g lu tam ic a c id  a s  w ell a s  w ith  
ly s in e  i n  a c id ic  s o lu t io n s .
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